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1. INTRODUCTION 

Rocky Flats Plant is an installation o f  the U.S. Department o f  Energy (DOE) 

Albuquerque Operations Office. It is one o f  several DOE-Albuquerque Operations 
O f f  ice installations being evaluated under the Comprehensive Environmental Assess- 

ment and Response Program (CEARP) pursuant to the Comprehensive Environmental 

Resource Compensation Liability Act (CERCLA) Implementation Order (DOE 
5480.14). C E A R P  investigations a t  Rocky Flats Plant are being integrated with other 

RCRA and CERCLA issues pursuant to the Compliance Agreement signed by repre- 

sentatives o f  the DOE, the U.S. Environmental Protection Agency (EPA), and the State 

of  Colorado (Colorado Department o f  Health) on July 31, 1986 (DOE 1986a). The 

Compliance Agreement addresses hazardous and radioactive mixed waste management 

at  Rocky Flats Plant. 

The program developed by DOE in response to the Compliance Agreement is 

being addressed by the CEARP program.. CEARP is being implemented in f ive 
phases, which exactly parallel DOE CERCLA Order 5480.14. C E A R P  Phase 1 (Installa- 

tion Assessment [This encompasses all  EPA CERCLA preremedial activities through 

site inspections.]) has already been completed at  Rocky Flats Plant. CEARP Phase 1 

evaluated present compliance with environmental laws and ascertained the magnitude 

of potential environmental concerns. C E A R P  Phase 2 (Confirmation [Monitoring Plan 

and Remedial Investigation]) will complete the environmental evaluation of potential 
environmental concerns identified in CEARP Phase 1, and plan and carry out sam- 

pling programs, as required, to understand potential contaminant sources and en- 

vironmental pathways. C E A R P  Phase 3 (Technological Assessment [Feasibility Study]) 

will develop remedial action plans to mitigate environmental problems identified as 

needing correction in C E A R P  Phase 2. CEARP Phase 4 (Remedial Action) will im- 

plement recommended site-specific remedial actions identified in C E A R P  Phase 3. 
C E A R P  Phase 5 (Compliance and Verification) will document the adequacy o f  reme- 

dial actions carried out under C E A R P  Phase 4 and plan f o r  continued monitoring re- 

quirements. 

C E A R P  Phase 2 consists o f  C E A R P  Phase 2a, Monitoring Plan, and CEARP 
Phase 2b, Site Characterization (Remedial Investigation). CEARP uses a three-tiered 

approach in preparing monitoring plans: the C E A R P  Generic Monitoring Plan (CGMP) 
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(DOE 1986c), the Installation Generic Monitoring Plan (IGMP), and the Site Specific 

Monitoring Plans (SSMPs). The Monitoring Plan typically consists of five parts: Syn- 
opsis, Sampling Plan, Technical Data Management Plan, Health and Safety Plan, and 
Quality Assurance/Quality Control (QA/QC) Plan. Pursuant to the Compliance 

Agreement, a Feasibility Study Plan has been added as a sixth section to the CEARP 

Phase 2a IGMP Monitoring Plan for Rocky Flats Plant. 

This revised IGMP serves as the Comprehensive Source and Plume Characteri- 

zation Plan required by the Compliance Agreement. Therefore, the acronym used to 

refer to this plan is IGMP/CSPCP. 

The SSMPs will serve as work plans for performing site characterizations 

(remedial investigations) for  all sites requiring characterization at Rocky Flats Plant 

and will be tiered from the IGMP/CSPCP. Each tier of  CEARP monitoring plans con- 

tains the five plans mentioned above: Synopsis, Sampling Pian, Technical Data Man- 

agement Plan, Health and Safety Plan, and Quality Assurance/Quality Control 

(QA/QC) Plan. The Rocky Flats Plant IGMP/CSPCP and SSMPs will also contain a 
Feasibility Study Plan. A list o f  acronyms used in this IGMP/CSPCP is provided in 
Appendix A. 

As stated in the CGMP monitoring plans, CEARP Phase 2 site characterizations 

(remedial investigations) will be implemented in  stages. Thus, knowledge gained in 

each stage of  sampling will  be used to guide successive stages. To maintain unifor- 
mity in the site characterization (remedial investigation) process, Los Alarnos National 

Laboratory will review all CEARP-related documentation for the DOE-Albuquerque 

Operations Office. In addition, at the end of  each site characterization (remedial in- 
vestigation), Los Alamos National Laboratory will prepare a site characterization 

(remedial investigation) report that will be forwarded to the DOE-Albuquerque 

Operations Office for review and concurrence. In the future if program implementa- 
tion is delegated to Rockwell International, Los Alamos National Laboratory will re- 

view all reports for  conformance with previously established program guidelines. In 

the latter case, Los Alamos National Laboratory will document their evaluation for 

DOE-Albuquerque Operations Off ice use in report concurrence prior to its release to 
the public or regulatory agencies. Appropriate CEARP-related information (e.g., vali- 

dated reconnaissance and site characterization [remedial investigation] information) 

will be archived at Los Alamos National Laboratory and at Rocky Flats Plant. 
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2. DESCRIPTION OF CURRENT SITUATION 

This section provides a brief summary of the current environmental situation 

at  Rocky Flats Plant. More detailed discussions are found in the primary documents 

used as input to this Synopsis: the CEARP Phase I Installation Assessment (DOE 
1986b), the RCRA Part B Operating Permit Application (DOE 1986f), the RCRA Post- 

Closure Care Permit Application (DOE 1986g), and Appendix 1 of the RCRA Part B 
Operating Permit Application (3004[u] Waste Management Units) (DOE 1986f). 

2.1. SITE DESCRIPTION AND BACKGROUND 

Rocky Flats Plant is a government-owned, contractor-operated (GOCO) facility. 

It is part of a nationwide nuclear weapons research, development, and production 

complex administered by the DOE-Albuquerque Operations Office. Rockwell Interna- 

tional is the prime operating contractor for Rocky Flats Plant. Rockwell Interna- 

tional has served as the prime contractor since July l ,  1975. Prior to that date, Dow 

Chemical Company was the prime operating contractor, and served in this capacity 

from inception of the plant in 1951 until 1975. 

2.1.1. Rockv Flats Plant Mission 

The primary mission of Rocky Flats Plant is producing metal components for 

nuclear weapons. The plant is involved in fabricating components from plutonium, 

uranium, beryllium, and stainless steel. Production activities include metal fabrica- 

tion, assembly, and chemical recovery and purification of recyclable transuranic ra- 

dionuclides. Other activities include research and development work in metallurgy, 

machining, nondestructive testing, coatings, remote operations engineering, chemistry, 

and physics. Parts made at  Rocky Flats Plant are shipped elsewhere for final assem- 

bly. 

2.1.2. Phvsical Environs 

Plant Location. Rocky Flats Plant is located in northern Jefferson County, 

Colorado, approximately 16 miles northwest of Denver (Fig. 2.1). The plant covers al- 

most 11 mi (approximately 6550 acres), occupying Sections 1-4 and 9-15 of R.70W., 2 
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T.2S. Major plant structures are located within a fenced security area approximately 
400 acres in size surrounded by a buffer zone of approximately 6158 acres. The plant 
is centered at  I0So 11' 30" west longitude and 39' 53' 30" north latitude. 

Site Environment and CIimate. Rocky Flats Plant is located on an eastward 

sloping plain of coalescing alluvial fans deposited a t  the base of the Rocky Mountain 

Front Range. The gravels of the Rocky Flats Alluvium form a terrace that is dis- 

sected by eastward draining perennial and ephemeral streams. This terrace is known 

locally as Rocky Flats. 

Geology beneath the plant site consists of the poorly-sorted Rocky Flats Allu- 
vium, several other alluvial materials in the valleys, and colluvium on the terrace side 

slopes, Underlying these recent deposits are claystones and sandstones of the Laramie 

and Arapahoe Formations. Groundwater occurs in the various alluvial deposits as 

well as in the bedrock claystones and sandstones. 

The climate at  Rocky Flats Plant is characterized by dry, cool winters with 

some snow cover, and warm, somewhat moister summers. There is considerable sun- 

shine, and the average precipitation and relative humidity are low. The annual aver- 

age precipitation for the plant is slightly over 15 inches (water equivalent) with more 

than 80 per cent falling between the months of April and September. Winds a t  the 

plant, although variable, are predominantly westerly, with stronger winds occurring 

during the winter (RI 1986%). 

2.1.3. ) 

Rockwell International conducts an extensive environmental surveillance pro- 

gram a t  Rocky Flats Plant. The local environs are monitored for penetrating radia- 

tion and for radioactive, chemical, and biological pollutants. Air, surface water, 
groundwater, and soil are sampled a t  the plant and throughout the surrounding re- 

gion. Results of the Rockwell International surveillance program are summarized in 

an annual environmental monitoring report in compliance with DOE Order 5484,l. 

Several federal, state, and local government agencies independently conduct 

audits and additional environmental surveys at  and adjacent to Rocky Flats Plant. 

The Colorado Department of Health samples air, soil, and water at  the plant and in 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Synopair Section 2, page 2 



surrounding communities. I t  also operates a n  onsite, continuous, particulate a i r  sarn- 

pler f o r  the Jefferson County Health Department. T h e  D O E  Environmental Mea- 
surements Laboratory conducts particulate a i r  sampling a t  the plant and periodically 

performs special studies, including sediment and soil analyses. Other special analyses 
have been performed by Region VI11 o f  the EPA. 

I n  addition to routine monitoring performed, a comprehensive, phased program 

of site characterizations, remedial investigations, feasibility studies, and reme- 

dial/corrective actions is in progress a t  Rocky  Flats  Plant. These C E A R P  Phase 2 ac- 
tivities are pursuant to the D O E  C E R C L A  Implementation order (DOE 5480.14) and 

encompass the requirements o f  the Compliance Agreement (DOE 1986a). 

I n  response to the Compliance Agreement, some C E A R P  Phase 2 activities were 

conducted during 1986 in conjunction with R C R A  permitting activities. These activi- 

ties were designed to characterize geology, hydrology, and water quality at  Rocky 

Flats  Plant,  with the site characterization (remedial investigation) efforts  focusing on 

areas o f  suspected contamination. These activities included a characterization of 

groundwater f low and quality in the vicinity o f  the solar evaporation ponds, prepara- 
tion o f  the groundwater monitoring and protection section o f  the R C R A  Part B 

Operating Permit Application (DOE 1986€), and preparation o f  closure plans and a 
R C R A  Post-Closure Care Permit Application (DOE 19868). T h e  initial C E A R P  Phase 

2 site characterization (remedial investigation) activities included geologic mapping of 

bedrock and surficial materials, sediment, and surface water a t  various locations on 

the plant site, and installation o f  approximately 70 monitoring wells. 

2.1.4. CEARP Phase 1 Assessment 

T h e  C E A R P  Phase 1 Installation Assessment Report f o r  Rocky  Flats  Plant 

(DOE 1986b) provided documentation f o r  Phase 1 o f  the DOE C E R C L A  program 

(DOE Order 5480.14) and f o r  the following E P A  C E R C L A  preremedial activities: ( 1 )  

Federal Faci l i ty Site Discovery and Identification Findings, (2) Preliminary Assess- 
ment, (3) Site Inspection, and- (4) Hazard Ranking System evaluation. Sites a t  Rocky 

Flats  Plant were recommended for no further action when the evaluation indicated 

(1)  negative findings f o r  the C E R C L A  Federal Faci l i ty Site Discovery and Identifica- 

tion Findings process (e.g., potential sites that were found not to exist or spills that 
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were completely removed through remedial action), or (2) sites initially requiring no- 

t i f  ication for the Federal Facility Site Discovery and Identification Findings process 

that were later found to pose no significant threat of release (e.g., potential sites 

where the hazardous substance initially identified, because of its stability, no longer 

persists in the environment). Consequently, sites at  Rocky Flats Plant that no longer 
posed a significant threat of release were not included in the EPA Hazard Ranking 

System and DOE Modified Hazard Ranking System. This procedure is consistent with 

guidance provided to federal facilities by EPA (Federal Facility Program Manual for 
Implementing CERCLA Responsibilities o f  Federal Agencies, final draft) .  

The CEARP Phase 1 Installation Assessment a t  Rocky Flats Plant included 

analyses of current operational activities, controlled active and inactive waste sites, 

current and past waste management practices, and potential environmental pathways 

through which contaminants could be transported. These findings were then com- 

pared with applicable federal, state, and local environmental regulations. 

Sites with positive findings for the CERCLA preremedial activities that had 
sufficient information for EPA Hazard Ranking System evaluation were scored ac- 

cording to the following criteria: (1) for the nonradioactive sites the EPA Hazard 

Ranking System and (2) for the radioactive sites the EPA Hazard Ranking System 

and the DOE-Modified Hazard Ranking System. Typically, sites that met EPA crite- 
ria bo be listed on the National Priorities List were recommended for future action 

under DOE CERCLA Phase 2, Confirmation. 

Sites that did not meet EPA criteria to be listed on the National Priorities List 

but exceeded other applicable DOE remedial action criteria/guidelines (e.g., guidelines 

for the DOE Surplus Facilities Management Program) and/or sites posing potential 

regulatory compliance concerns (e.g., RCRA-related remedial activities) were recom- 

mended for future action under CEARP. No further action was recommended for 

those sites not meeting these criteria. 

Sites for which remedial activity had recently occurred or was scheduled were 

placed into CEARP Phase 4 (Remedial Action), which encompasses requirements of 

the DOE CERCLA Order (Phase 4) and the remedial implementation program ele- 

ments of EPA CERCLA (Design and Action). These sites will require CEARP Phase 5 

(Compliance and Verification) activities, encompassing the requirements of the DOE 
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CERCLA Order (Phase 5) and EPA CERCLA final site inspection/closeout and moni- 

toring. 

2.2. NATURE AND EXTENT OF THE PROBLEM 

CEARP Phase I identified three viable environmental pathways (air, surface 
water, and groundwater) with potential to transport contaminants away from Rocky 

Flats Plant (DOE 1986b). However, CEARP Phase 1 concluded that the air pathway 

had been adequately characterized by past activities. Additional characterization of 

the surface water and groundwater pathways is being performed as part of CEARP 

Phase 2. 

CEARP Phase 1 identified approximately 70 sites or grouping of sites that 

could potentially have adverse impacts on the environment (DOE 1986b). These sites 
were prioritized for future activities under CEARP; and these prioritizations were 
presented in the initial draft  CEARP Phase 2 Installation Generic Monitoring Plan 

for Rocky Flats Plant released to the public in July of 1986. 

Additional data were collected during preparation of the RCRA Part B 

Operating Permit Application that identified several additional potential sites, 

Therefore, all potential sites at  Rocky Flats Plant were designated as solid waste 

management units assigned a reference number, and located on an aerial photograph 

base map of the plant site (IGMPICSPCP Sampling Plan, Plate 1). A list of solid 
waste management units is presented in Appendix 1 of the RCRA Part B Permit Op- 

erating Application (3004[u] Solid Waste Management Units) (DOE 1986f). These solid 

waste management units are divided into three categories. The first category includes 

those hazardous waste management units which will continue to operate and which 

require a RCRA Operating Permit. The second category includes those hazardous 

waste management units which are being closed under RCRA Interim Status. The 
third category includes those inactive waste management units (RCRA continuing re- 

lease sites) that are identified under Section 3004(u) of RCRA. Another class of sites 

is regulated under CERCLA.. These CERCLA areas contain only radioactive wastes 

(DOE 1986b). However, for ease in referencing these units and/or areas, they have 
been collectively termed Solid Waste Management Units. Table 2.1 is a listing of all 

solid waste management units at  Rocky Flats Plant with their solid waste management 
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unit identification numbers and CEARP Phase 1 identification numbers f o r  easy cross 

reference between the various documents. 

2.3. HISTORY OF RESPONSE ACTIONS 

A number o f  remedial actions have occurred a t  Rocky Flats Plant in response 

to accidental leaks, spills.and releases of hazardous materials. Appendix 1 o f  the 

R C R A  Part B Operating Permit Application (3004[u] Waste Management Units) (DOE 

1986f) provides descriptions o f  remedial actions to date a t  the inactive solid waste 

management units. 

2.4. EVALUATION OF EXISTING DATA 

T h i s  section summarizes existing environmental data for  Rocky Flats Plant and 

presents the current hydrogeochemical conceptual model of the plant. More detailed 

discussions o f  regional and site geology, hydrology, water quality, climate, and biota 

are presented in the R C R A  Part B Operating Permit Application (DOE 1986f), the 

Rocky Flats Plant Final  Environmental Impact Statement (RFEIS 1980), the C E A R P  

Phase 1 report (DOE 1986b), the R C R A  Post-Closure Care Permit Application (DOE 
1986g), the annual monitoring reports, and the Rocky Flats Plant Radioecology and 

Airborne Pathway Summary Report (RI 1986b). Table 2.2 lists the Hazardous Sub- 
stances List volatile organics that have been found in groundwater, surface water, 

and soil/sediments at  Rocky Flats Plant. 

As part o f  the C E A R P  Phase 2b site characterizations (remedial investigations) 

of Rocky Flats Plant, existing data will be quality controlled and incorporated into 

the technical data base as appropriate (see IGMP/CSPCP Technical Data Management 
Plan). These existing data along with data collected during CEARP Phase 2b site 

characterizations (remedial investigations) will be evaluated using the analytical tools 

discussed in the IGMP/CSPCP Technical Data Management Plan. 
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2.4.1. Soils and Geoloev 

2.4.1.1. Soils 

Annual soil sampling is conducted a t  Rocky  Flats  Plant to characterize distri- 

bution o f  plutonium in soils surrounding the plant. A total o f  40 soil samples are 
collected along two rings surrounding the plant a t  distances of  approximately 1 and 2 

mi f r o m  the center o f  the plant. Ten  subsamples are collected from each sampling lo- 

cation and composited for plutonium analysis. 

Results of this sampling e f f o r t  are summarized annually in a n  annual envi- 

ronmental monitoring report. In 1985, plutonium concentrations generally ranged 

f rom 0.02 to 1.9 pCi/g inside the plant security area. Plutonium concentrations in the 

b u f f e r  zone, outside the plant security area, ranged from 0.01 to 2.5 pCi/g. T h e  max- 

imum plutonium value measured in 1985 (13 pCi/g) occurred due east o f  the 903 Pad 

Area inside the plant security area (RI 1986a). 

Soil sampling was conducted a t  the solar evaporation ponds as part o f  the ini- 

tial  C E A R P  Phase 2 site characterization (remedial investigation). A total o f  15 core 

samples were collected f rom f ive  boreholes in the vicinity o f  the solar evaporation 

ponds (wells 18-86, 20-86, 22-86, 25-86, and 27-86). Each core sample was analyzed f o r  

Hazardous Substances List metals, Hazardous Substances List organics, and radionu- 

clides. Based on these data, elevated concentrations o f  strontium, 1 ,I-dichloroethane, 

l , l , l - tr ichloroethane and tritium occur in the alluvium and weathered bedrock around 

the solar evaporation ponds. None of  these parameters were elevated in borehole 18- 

8 6  (IGMPJCSPCP Sampling Plan, Plate 2) suggesting the impacts of the solar evapora- 

tion ponds on subsurface materials is limited to the immediate vicinity o f  the ponds 

(DOE 1986f). 

2.4.1.2. Geology 

Rocky  Flats  Plant is 1-ocated on the northwestern f lank  o f  the Denver Basin 

and is underlain by several thousand fee t  o f  Paleozoic and Mesozoic sedimentary 

rocks. Bedrock immediately beneath the plant consists o f  the Cretaceous Laramie and 
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Arapahoe Formations, which are composed primarily o f  fluvial claystones with in- 
terbedded lenticular sandstones and siltstones. These formations strike generally 
north-south and dips vary from 5 to 50 degrees east. 

Surficial materials overlying the bedrock formations consist o f  the Quaternary 
Rocky Flats Alluvium, several Quaternary alluviums in the valleys, and colluvium. 
The Rocky Flats Alluvium forms a f lat  terrace upon which the plant is located. It is 
a poorly sorted deposit o f  granitic sand, gravel, cobbles and boulders, which is locally 
cemented with calcium carbonate. Although the thickness o f  the Rocky Flats allu- 
vium varies, i t  is thickest west of the plant (up to 100 feet) and thinnest at the east- 
ern edge o f  the plant (about 7 feet). Various other alluvial deposits and colluvium 
occur in the onsite drainages. These materials are primarily composed of reworked 
Rocky Flats Alluvium with the addition o f  some bedrock materials. 

2.4.1.3. Wastes 

As required by the Compliance Agreement, an active waste stream characteri- 
zation program is in progress as part of R C R A  permitting activities at Rocky Flats 
Plant. This program consists o f  active waste stream identification, sampling, and 
analysis. The waste stream identification survey consisted o f  reviewing each manu- 
facturing process and identifying each waste stream generated by that process. Based 
on the waste surveys, waste stream sampling and analysis plans were developed. Ac- 
tual waste stream sampling and confirmation of identified waste streams is currently 
in progress. 

As previously stated, a list o f  solid waste management units is presented in Ap- 

pendix 1 of the R C R A  Part B Permit Operating Application (3004[u] Solid Waste 
Management Units) (DOE 1986f). 

2.4.2. Groundwater 

2.4.2.1. Hydrology 

There are two hydraulically connected groundwater systems at Rocky Flats 
Plant. These occur in the Rocky Flats Alluvium and other surficial materials, and in 
the bedrock (primarily in the claystones and sandstones o f  the Arapahoe Formation). 
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There is a strong downward gradient between the shallow and bedrock flow systems 

(DOE 1986f). 

The shallow groundwater system, in the Rocky Flats Alluvium and other surfi- 

cia1 materials, occurs under unconfined conditions. The shallow system is recharged 
by infiltration of incident precipitation, irrigation, and surface water diversion 

canals. Shallow groundwater flow generally follows topography to the east and to- 

ward the drainages. The system discharges to springs and seeps at the allu- 

vium/bedrock contact and into the drainages. The shallow groundwater system ap- 

pears to be quite dynamic as large water level fluctuations occur in response to sea- 
sonal and other stresses (DOE 1986f). 

Most of the groundwater flow in the Arapahoe Formation occurs in the lentic- 

ular sandstone bodies contained within the claystones. Recharge to the sandstones oc- 

curs a t  areas of direct contact with alluvium or valley fill (subcrop areas) or by leak- 

age through claystones in contact with alluvium. Groundwater in the sandstones 

flows to the east toward the point of regional discharge along the South Platte River 

(DOE 1986f). 

2.4.2.2. Quality 

Groundwater quality data available to date consist of 

- analytical data from monitoring of groundwater and surface water 
conducted by the plant beginning in 1961, 

- results of an electromagnetic survey performed in 1985, 

- results of a soil gas survey performed in 1986, and 

- results from the initial CEARP Phase 2 site characterization 
(remedial investigation) conducted in 1986. 

Groundwater conditions at  the plant have been monitored since 1961, and 
chemical data exist from monitoring over the past ten years. As part of the initial 

CEARP Phase 2 site characterization (remedial investigation), approximately 70 new 

monitor wells were installed around the plant site, and initial sampling of these wells 
was performed. Results of this sampling effort and historical groundwater quality 
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data are presented in detail in Section E o f  the R C R A  Part B Operating Permit Ap- 

plication (DOE 1986f). 

Based on the initial CEARP Phase 2 site characterizations (remedial investiga- 
tions) background alluvial groundwater quality is Characterized by low total dissolved 

solids and variable radionuclides and Hazardous Substances List metal concentrations 

(DOE 1986f). 

Alluvial groundwater quality downgradient o f  various inactive waste manage- 

ment units is discussed by unit in Section E o f  the R C R A  Part B Operating Permit 
Application. Downgradient water quality is characterized by elevated Hazardous 

Substances List volatile organics, radionuclide concentrations, and total dissolved 

solids. However, groundwater contaminants appear to be relatively close to their 

sources. No Hazardous Substances List volatile organics were detected, and radionu- 
clide concentrations were similar to background values in groundwater a t  the down- 

gradient plant boundary (Indiana Street) (DOE 19861). 

2.4.3. Surf ace Water 

2.4.3.1. Hydrology 

Three intermittent streams drain the plant site flowing generally from west to 

east. Rock Creek drains the northwestern corner and flows to the northeast toward 

its offsite  confluence with Coal Creek. Woman Creek drains the southern portion of 
the plant and flows eastward to Standley Lake. North and South Walnut Creeks and 

an unnamed tributary drain the remainder of  the site. T h e  three forks o f  Walnut 

Creek join in the buffer  zone (approximately 0.7 miles downstream o f  the eastern 

edge o f  the plant security fence) and flow to Great Western Reservoir approximately 

one mile east o f  the confluence. A series o f  dams, retention ponds, diversion struc- 

tures and ditches have been constructed a t  the plant to control runoff  from plant op- 

erations (DOE 1986f). 

2.4.3.2. Quality 

Surface water quality is characterized i n  Section E of the R C R A  Part B Oper- 

ating Permit based on a one-time sampling event conducted during the initial CEARP 
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Phase 2 site characterization (remedial investigation) performed in 1986 and NPDES 
monitoring. Many of the surface water monitoring stations were dry during the 1986 

sampling (August and September 1986). In general, Hazardous Substances List organ- 
ics were not detected, and major ion concentrations were low. Radionuclide concen- 
trations were slightly elevated a t  downstream sampling locations, and metals such as 

strontium, manganese, molybdenum, zinc, and nickel were slightly elevated at  select 

sampling locations. At the downstream (eastern) plant boundary (Indiana Streqt), 

Hazardous Substances List organics were not detected and radionuclides were within 
background concentrations (DOE 1986f). Surface water discharged from retention 

ponds is monitored regularly a t  the downstream boundary and other locations to doc- 
ument compliance with NPDES permit requirements. 

2.4.4. Biota 

2.4.4.1. Vegetation 

A variety of vegetation exists a t  Rocky Flats Plant. Species of flora tepresent- 

ing the tall grass prairies, the short grass plains, the lower montane, and the foothill 

ravine regions are found. Eurasian weeds that have been introduced to the area make 
up a significant portion of the vegetative cover, indicating that human-induced activ- 

ities, primarily overgrazing by cattle, have radically altered the vegetative cover. 

Lands within the original 2520 acre site boundary have not been grazed since 1951, 

and lands within the buffer zone have not been grazed since their acquisition in 1975. 

The presence of grasses such as big bluestem and side-oats gramma within the pro- 

tected areas indicate that vegetation is recovering from previous overgrazing. 

2.4.4.2. Wildiif e 

Animals associated with the western prairie regions of the U.S are found in 
the undeveloped areas of Rocky Flats Plant. No rare or endangered species have been 

reported or found among the wildlife inhabiting or migrating through the area 

(RFEIS 1980). 
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2.4.5. _Air 

The elevation of Rocky Flats Plant and the slopes of the Front Range moun- 

tains are the primary influences on the semi-arid climate found at  the plant. Winds, 

although variable, are predominantly westerly with stronger winds occurring in the 

winter. The 24-year average (1952 to 1976) for mean wind velocity was 8.24 miles per 

hour. Temperature extremes recorded at  the plant have ranged from 102'F on July 
12, 1971 to -26'F on January 12, 1963. The 24-year average maximum temperature 

was 76'F, the average minimum was 22'F, and the average annual mean was 49.6'F. 

The average annual precipitation is slightly over 15 inches, and the 24-year average 

relative humidity was 46% (RFEIS 1980). 
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Figure 2.1. General Location of the Rocky Flats Plant. 
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Table 2.2. Volatile organic HSL Compounds Found in  Groundwater, 
Surface Water, and Soils at  the Rocky Flats Plant* 

ComDound 

Vinyl Chloride 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l -Dichloroethylene 
1,l -Dichloroethane 
trans- 1,2-Dichloroethylene 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
l,l ,l-Trichloroethane 
Carbon Tetrachloride 
Trichloroethylene 
1,1,2-Trichloroethane 
4-Methyl-2-pentanone 
Tetrachloroethylene 
To 1 u e n e 
Total Xylenes 

Groundwater 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Surface Water 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 

X 

Soils/Sediments 

X 
X 
X 

X 
X 

X 
X 

X 

*Some of these compounds may be attributed to laboratory contamination (DOE 
1986f). 
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3. POSSIBLE REMEDIAL ALTERNATIVES 

The integrated approach used for  monitoring (see the Synopsis, Section 5.2) 

stresses the need for  interaction between sampling plans and consideration of alterna- 

tive remedial actions. Complete definition of alternative remedial actions requires 
site-specif ic data and  will be accomplished on a site-specific basis; however, plausible 

remedial actions have been used to guide the development of the IGMP/CSPCP Sam- 
pling Plan. Alternative remedial actions that have been considered (Table 3.1) are de- 

tailed in the IGMP/CSPCP Feasibility Study Plan. Table 3.2 lists remedial technolo- 

gies, Table 3.3 lists site characteristics that may affect  the selection of  remedial tech- 

nologies, and  Table 3.4 lists waste characteristics that may affect  the selection of re- 

medial technologies. 
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- .  

General Response 
Action 

No Action 

Table 3.1. General Response Actions and Associated Remedial Technologies 

Tvuical Technologies 

Some monitoring and analyses may be performed 

Containment 

Pumping 

Collection 

Diversion 

Complete Removal 

Partial Removal 

Onsite treatment 

Of fs i te  Treatment 

Treatment 

Storage 

Onsite Disposal 

Off site Disposal 

Alternative Water 
Supply 

Relocation 

Capping, groundwater containment barrier walls, bulkheads, 
gas barriers 

Groundwater pumping, liquid removal, dredging 

Sedimentation basins, French drains, gas vents, gas 
collection systems 

Grading, dikes and berms, stream diversion ditches, 
trenches, terraces and benches, chutes and downpipes, 
levees, seepage basins 

Tanks, drums, soils, sediments, liquid wastes, 
contaminated structures, sewers and water pipes 

Tanks, drums, soils, sediments, liquid wastes 

Incineration, solidification, land treatment, 
biological, chemical, and physical treatment 

Incineration, biological, chemical, and physical 
treatment 

Permeable treatment beds, bioreclamation, soil 
flushing, neutralization, land farming 

Temporary storage structures 

Landfills,  land application 

Landfills,  surface impoundments, land application 

Cisterns, above-ground tanks, deeper or upgradient 
wells, municipal water system, relocation o f  intake 
structure, individual treatment devices 

Relocate residents temporarily or permanently 

Source: EPA 1985a 
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Table 3.2. Remedial Technologies 

A. Air Pollution Controls 
--Capping: 

- Synthetic membranes 
- Clay 
- Asphalt - Multimedia cap 
- Concrete 
- Chemical sealants/stabilizers 

--Dust Control Measures: 
- Chemical fixatives - Water 

B. Surface Water Controls 
--Capping (see A) 
--Grading: 

- Scarification 
- Tracking 
- Contour furrowing 

--Revegetation: 
- Grasses 
- Legumes 
- Shrubs - Forbs 
- Trees 

--Diversion and Collection Systems: 
Dikes and berms 
Ditches and trenches 
Terraces and benches 
Chutes and downpipes 
Seepage basins 
Sedimentation basins and ponds 
Levees 
Addition o f  freeboard 
Floodwalls 

C. Leachate and Groundwater Controls 
--Capping (see A) 
--Containment Barriers: 

Function Options: 
- Downgradien t placement 
- Upgradient placement 
- Circumferential placement 
Material and Construction Options (vertical barriers): 
- Soil-bentonite slurry wall 
- Cement-bentonite slurry wall 
- Vibrating beam - Grout curtains 
- Steel sheet piling 

Source: EPA 1985a 
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Table 3.2. (Continued) 

Horizontal Barriers (bottom sealing): 
- Block displacement 
- Grout injection 
- Liners 

Function Options: - Extraction and injection 
- Extraction alone 
- Injection alone 
Equipment and Material Options: 
- Well points 
- Deep wells 
- Suction wells 
9 Ejector wells 

- French drains 
- Ti le  drains 
- Pipe drains (dual media drains) 

--Groundwater Pumping (generally used with capping and treatment): 

--Subsurface Collection Drains: 

D. G S )  
--Capping (gas barriers) (see A) 
--Gas Collection and/or Recovery: - Passive pipe vents 

- Passive trench vents - Active gas collection systems 
E. ~ 

--Excavation and Removal: 
- Backhoe 
- Cranes and attachments 
- Front-end loaders 
- Scrapers 
- Pumps 
- Industrial vacuums - Drum grapplers - Forklifts and attachments 

- 

--Grading (see B) 
--Capping (see A) 
--Revegetation (see B) 

--Sediment Removal: 
Mechanical Dredging: 
- Clamshell 
- Dragline 
- Backhoe 
Hydraulic Dredging: 
- Plain suction 
- Cutterhead 
- Dustpan 

F. 1 
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Table 3.2. (Continued) 

Pneumatic Dredging: - Airlif t  
- Pneuma 
- Oozer 

- Curtain barriers 
- Coffer  dams - Pneumatic barriers - Capping 

--Sediment Turbidity Controls and Containment: 

G. In Situ Treatment 
--Chemical Treatment 
--Soil Aeration 
--Solvent F1 ushing 
--Bioreclamation 
--Permeable Treatment Beds 

--Incineration: 
H. Direct Waste Treatment 

- Rotary kiln 
- Fluidized bed 
- Multiple hearth - Liquid injection - Molten salt 
- High temperature fluid wall 
- Plasma arc pyrolysis 
- Cement kiln 
- Pyrolysis/starved combustion - Wet air  oxidation 
- Industrial boiler or furnace 

--Gaseous Waste Treatment: - Activated carbon - Flares - Afterburners 

Biological Treatment: - Activated sludge 
- Trickling filters - Aerated lagoons 
- Waste stabilization ponds 
- Rotating biological disks 
- Fluidized bed bioreactors 
Chemical Treatment: 
- Neutralization - Precipitation 
- Oxidation - Hydrolysis - Reduction 
- Chemical dechlorination - Ultraviole t/ozona tion 

--Treatment o f  Aqueous and Liquid Waste Streams: 
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Table 3.2. (Continued) 

Physical Trea tmen t: 

I. 

Flow equalization 
Flocculation 
Sedimentation 
Activated carbon 
Kleensorb 
Ion exchange 
Reverse osmosis 
Liquid-liquid extraction 
Oil-water separator 
Steam distillation 
Air stripping 
Steam stripping 
Filtration 
Dissolved air flotation 

Discharge to Publicly Owned Treatment Works 

Dewatering: 
- Screens, hydraulic classifiers, scalpers 
- Centrifuges 
- Gravity thickening 
- Flocculation, sedimentation 
- Belt filter presses 
- Drying or dewatering beds 
- Vacuum-assisted drying beds 
Treatment: 
.. Neutralization - Solvent 
- Oxidation 
- Reduction 
- Compesting 

- Cement-based - Lime-based 
- Thermoplastic 
- Organic poIymer - Self -cementing techniques 
- Surface encapsulation - Gasif ication - Solidification &e., to f ly ash, polymers, sawdust) 

Land DisDosai Storagg 
--Landfills 
--Surface Impoundments 
--Land Application 
--Waste Piles 
--Deep Well Injection 
--Temporary Storage 

--Handling and Treatment of  Solids: 

--Solidification, Stabilization, or Fixation: 
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Table 3.2. (Continued) 

J. Contaminated Water Sumlies and Sewer Lines 
--In - Cleaning 
--Removal and Replacement 
--Alternative Drinking Water Supplies: 

- Cisterns or tanks - Deeper or upgradient wells - Municipal water systems - Relocation of intake 
--Individual Treatment Units 
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Table 3.3. Site Characteristics That May Affect 
Selection of Remedial Technology 

Waste volume and areal extent 
Site Area 
Site configuration 
Climate (precipitation, temperature, and evaporation) 
Topography 
Soil texture and permeability 
Soil moisture 
Surf ace drainage 
Site geology 
Land use 
Vegetation 
Thickness of unsaturated zone 
Depth to groundwater 
Depth to bedrock 
Depth to aquieludes 
Degree of contamination of unsaturated zone, surface water, and groundwater 
Direction and rate of  groundwater flow 
Receptors/discharge areas 
Water use 
Surface water 
Ecological areas 
Risk Assessment 
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Table 3.4. Waste Characteristics That May Affect 
Selection of Remedial Technology 

Quantity/concentration 
Chemical composition 
Acute toxicity 
Persistence 
Biodegradability 
Radioactivity 
Ignitability 
Reactivity/corrosivity 
Infectiousness 
Solubility 
Volatility 
Density 
Partition coefficient 
Compatibility with other chemicals 
Treatability 
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4. DATA REQUIREMENTS 

The acquisition of environmental data a t  Rocky Flats Piant for CEARP will 

support various decisions: 

- CEARP Phase 1: Whether a CEARP Phase 2 site characterization 
(remedial investigation) is necessary or if the "no further action" al- 
ternative is appropriate. 

- CEARP Phase 2: Whether a CEARP Phase 3 technological assessment 
(feasibility study) is necessary or if the "no further action'' alterna- 
tive is appropriate. 

- CEARP Phase 3: Selection of an appropriate remedial technology 
and remedial action, if necessary. 

- CEARP Phase 4: At what point the remedial action can be consid- 
ered complete. 

- CEARP Phase 5: Whether the site is in compliance with the CER- 
CLA Implementation Order (DOE 5480.14), whether remedial action 
has been effective, and what long-term monitoring may be required. 

Data needs will be identified, revised, and satisfied in a staged manner in ac- 

cordance with the integrated approach (IGMP/CSPCP Synopsis, Section 5.2) being used 

by CEARP. Waste sites that have similar characteristics (i.e., trenches) will be 

grouped as appropriate. This leads to a more effective investigation by eliminating 

inappropriate and wasteful methodology. 

Detailed site characterization (remedial investigation) may be conducted first 

a t  a priority or representative site chosen from within each group. The characteriza- 

tion (investigation) of representative sites will yield data that may lead to a revised 

sampling plan for other sites within groups, and may eliminate certain pathways from 
consideration and/or restrict the sampling methods required for site characterization 

(remedial investigation). 

One goal of CEARP is to define boundary conditions that identify the physi- 

cal areas for site investigations. Boundary conditions are established by properties of 

physical systems (e.g., air, soil, water) or mechanisms, which control the movement of 

hazardous substances away from their source. Boundary condition needs already 

identified at  Rocky Flats Plant include 
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- the vertical and horizontal extent o f  subcropping Arapahoe sand- 
stones, 

- seasonal flow and quality changes of  surface seeps, and 

- sorptive properties of geologic materials. 

4.1. DATA NEEDS 

General data needs are identified here for CEARP Phase 2 site characteriza- 
tions (remedial investigations). These data needs address the installation-wide source 
and plume characterization efforts and generic site-specific needs, as appropriate. 
The detailed site-specific data needs will  be addressed in  the individual SSMps. The 
installation-wide data needs presented here are divided on the basis of  specific media 
or potential pathways (e&, hydrogeochemical, air, soils/wastes, biota, surface water, 
and climatological). 

Identification o f  data needs is the starting point for sampling plan design. A s  

part of  the CEARP Phase 2 site characterizations (remedial investigations), the hy- 
drogeochemical setting will be evaluated. This evaluation will help refine the concep- 
tual model o f  contaminant migration at  Rocky Flats Plant by identifying data gaps. 

4.1.1. Soils and Geo loev 

This section discusses data needs for soils and for wastes that are part of the 
soil matrix. Geotechnical data for soils, needed to support consideration of  remedial 
alternatives, are also discussed. 

4.1.1.1. Soils 

Visual soil descriptions will be completed during soil sampling and installation 
of monitoring wells. Qualitative screening of soil samples for organics will facilitate 

the choice of  soil samples for laboratory analysis. 

4.1.1.2. Wastes 

Waste site locations are known in a general manner. Additional data are 

needed to confirm specific locations and the extent of the waste sites. Geophysical 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Synopsis Section 4,  page 2 



surveys will be used to delineate subsurface boundaries and to locate buried objects. 

The geophysical data will be used along with land surveys to describe the waste sites. 
The geophysical surveys will be followed by selective sampling of the waste sites to 

confirm the characteristics and extent of the wastes. 

4.1.1.3. Geotechnical 

Additional geotechnical data may be required to aid in selecting alternative 

remedial actions. Evaluation of geotechnical data will proceed parallel to a staged 

investigation a t  Rocky Flats Plant. An alternative remedial actions become more 
definite, data needs will be refined and the existing data base will be re-evaluated 

against these needs. Analyses of soil samples for geotechnical properties are antici- 

pated, including tests such as grain-size distribution and laboratory permeability, to 

support hydrogeochemical characterization of Rocky Flats Plant. These data needs 

will be refined after the initial site-specific sampling has been completed and evalu- 

ated. 

4.1.2. Groundwater 

4.1.2.1. Climatology 

Climatological data will be used as input to the conceptual model of the hy- 

drogeochemical setting. Climatological data have been collected at  the site, over a 

considerable time span, by Rocky Flats Plant personnel. Therefore, additional clima- 

tological data needs are not anticipated. 

4.1.2.2. Saturated Zone 

The extent of the alluvial groundwater system is reasonably well defined; 

however, data are needed to additionally characterize the nature and extent of the 

bedrock groundwater system. The needed data include 

- sufficient water level measurements to prepare a potentiometric map 
for the bedrock system, if possible, including temporal changes, 

- water-quality data to confirm the presence or absence of contami- 
nants in the bedrock system, 
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- stratigraphic information to describe the lower boundary and areal 
extent of the bedrock system, and 

- hydraulic conductivity data to characterize the bedrock system. 

4.1.2.3. Vadose Zone 

Data may be needed for the vadose (unsaturated) zone above the water table. 

These needs may include characterization of the hydraulic properties and water qual- 

i t y  in the vadose zone, as discussed for soils/wastes, but a t  depths below surficial 

soils. 

4.1.3. Surface Water 

Surface water at  Rocky Flats Plant is hydraulically connected to groundwater. 

Seasonal data on surface water quality and f low are needed to complete the hy- 

drogeochemical characterization o f  Rocky Flats Plant. 

4.1.4. Biota 

Additional sampling of biota is not anticipated. As documented by the Rocky 

Flats Plant Environmental Impact Statement, the potential for  significant human ex- 

posure through the foodchain is very low (RPEIS 1980, RF 1986b). However, biologi- 

cal data needs will be re-evaluated based on the results o f  the hydrogeochemical 

characterization. 

4.1.5. _Air 

Data collected at  Rocky Flats Plant indicate that the potential for significant 

human exposure to radioactive and nonradioactive airborne emissions from the plant 

site is low. All perimeter and community ambient air samplers have recorded mean 

annual plutonium concentrations a t  less than 0.4% of  the Derived Concentration 

Guide (based on the DOE interim standard dose limit for  all  pathways o f  0.1 rem/yr 

for  a 50-yr committed effective dose equivalent) (RI 1986a). This level is indistin- 

guishable from fallout. Volatile organic compounds have not been detected in the 

ambient a ir  using photoionization detectors a t  sites known to contain high concentra- 

tions o f  volatile solvents. The CEARP Phase 1 report did not designate any sites for 
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characterization of air quality in CEARP Phase 2. Thus, additional Characterization 

of the air pathway beyond that required for the annual environmental monitoring 

program is not anticipated. Data collected during health and safety monitoring will 
be used to confirm that sampling activities are not causing air pollution. These data 

will be incorporated into CEARP documentation as appropriate. 
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5. CEARP PHASE 2 - IMPLEMENTATION 

CEARP Phase 2b will be implemented at  Rocky Flats Plant using the inte- 
grated approach outlined by this IGMP/CSPCP. CEARP Phase 2b site characteriza- 
tions (remedial investigations) will be conducted in  staged, iterative steps. Data 

collection and analysis will be coupled with possible alternative remedial actions to 

drive the sampling program and allow modification of the site characterization 

(remedial investigation) activities as appropriate. 

5.1. IMPLEMENTATION RESPONSIBILITIES 

Los Alamos National Laboratory has the primary responsibility to implement 
CEARP under the guidance of DOE-Albuquerque Operations Office. However, opera- 

tional responsibilities have been assigned to Rockwell International at Rocky Flats 

Plant for  the site characterizations (remedial investigations). The DOE-Rocky Fiats 

Plant Area Office is responsible for  the function of the Rocky Flats Plant. Because 

of this responsibility, the DOE-Rocky Flats Plant Area Office will provide additional 
guidance to its contractor, Rockwell International, in implementation of the CEARP 

Phase 2b site characterizations (remedial investigations). 

5.2. INTEGRATED APPROACH 

CEARP Phase 2b site characterizations (remedial investigations) a t  Rocky Flats 

Plant will be conducted using a n  integrated approach. This approach breaks site 

characterization (remedial investigation) activities into stages, in which the results 

from previous stages of sampling are used to refine the conceptual model used to de- 

sign successive stages of sampling. This iterative process incorporates the experience 

and knowledge gained from each stage to minimize the total number of samples re- 

quired to adequately characterize the site and to provide the necessary data base to 
prepare feasibility studies for  alternative remedial actions. The benefit of staged 

sampling is greater flexibility within the sampling program with a minimum of cost. 

The integrated approach will be implemented at  the site-specific level of data 

collection. Each SSMP will detail the minimum but adequate level of effort  required 

to characterize each site; further investigation will be maintained a t  that level unless 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Synopsis Section 5, page 1 



an evaluation o f  the data indicates that a major modification is required. The inte- 

grated approach will use knowledge gained on an installation-wide basis or from 
similar sites to minimize the cost o f  successive site characterizations (remedial 
investigations). 

At Rocky Flats Plant, formulation o f  a "conceptual model" f o r  site charac- 
terization (remedial investigation) has begun that includes the physical framework 
and hydrogeochemical conditions. The conceptual model is a coherent set of ideas 
about the properties and processes occurring in the local ecosystem. Using a variety 
o f  tools, it is described by written ideas, concepts, tabulations o f  data, maps, graphs, 
and mathematical models. The conceptual model is the basic tool used to prepare 
sampling plan designs and to refine field operations. 

Detailed SSMPs will be prepared and agreed upon by all  participating parties 
and regulatory agencies. Field investigations will be sequenced by progressing from 
lower cost/resolution to higher cost/resolution methods until the data needs are satis- 
fied. The ultimate goal is development o f  a quality assured/quality controlled data 

suite to evaluate the following: 

- nature and extent of contamination, 
- local hydrogeological system, - feasibility assessment/alternatives, - remedial engineering design, 
- regulatory compliance/concurrence, - long-term monitoring and verification, and - physical and chemical characteristics and volumes o f  waste sources. 

5.3. CEARP PHASE 2A - MONITORING PLAN 

This Rocky Flats Plant IGMP/CSPCP contains (1)  a description o f  current 
situation, which is the C E A R P  Phase 1: Installation Assessment f o r  Rocky Flats Plant 
that is incorporated by reference and (2) a description o f  plans-Sampling Plan; 
Technical Data Management Plan; Health and Safety Plan; and Quality Assur- 
ance/Quality Control Plan. In addition, this IGMP/CSPCP contains a Feasibility 
Study Plan that includes a Risk/Endangerment Assessment as required by the Compli- 
ance Agreement. T h e  Rocky Flats Plant IGMP/CSPCP is tailored to those sites and 

situations identified during C E A R P  Phase 1 that require C E A R P  Phase 2 site charac- 
terization (remedial investigation). Potential sites identified during C E A R P  Phase 1 
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that require supplemental C E A R P  Phase 1 f ield reconnaissance are incorporated as 
appropriate. A detailed discussion o f  all  sites identified during C E A R P  Phase 1 is 

found in the C E A R P  Phase 1: Installation Assessment f o r  Rocky Flats  Plant (DOE 

1986b). 

5.4. PRIORITIZATION OF SITES 

Application o f  the integrated approach and the possible need to f irst  address 

those sites a t  which prompt remedial action could significantly reduce the spread o f  

contamination and/or reduce risks to human health or the environment, made i t  

necessary to prioritize sites requiring characterization (remedial investigation). Site 

prioritization was accomplished by using existing information to rank the sites. The  

existing information was obtained from the C E A R P  Phase 1 report and details o f  the 

prioritization is provided in a report titled "Preliminary Prioritization of  Sites" (DOE 
1986h). 

5.5. REPORTING REQUIREMENTS 

C E A R P  Phase 2b site characterization (remedial investigation) data will be 

consolidated and reported in site characterization (remedial investigation) reports. 

Because o f  the integrated approach to be used f o r  site characterizations (remedial in- 
vestigations) a t  the Rocky  Flats  Plant,  the Monitoring Plans (IGMP/CSPCP and 
SSMPs) may be revised as appropriate. T h e  site characterization (remedial investiga- 

tion) reports will follow the format outlined in  the CGMP (Synopsis, Section 3.2) and 

derived f r o m  DOE Order 5480.14 (CERCLA Implementation). T h e  CGMP requires 

that the site characterization (remedial investigation) reports include elements o f  an 

E P A  Remedial Investigation (RI) Report. These requirements will result in a site 

characterization (remedial investigation) report formatted as follows, with the section 

numbers corresponding to those in the CGMP: 

1. Executive Summary. A synopsis o f  the content and findings o f  the site charac- 
terization (remedial investigation) incorporating material regarding the current 
situation f rom the CGMP, JGMP/CSPCP and SSMP as appropriate. 
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2. Sampling and Analytical Measurement Plan. The CGMP, IGMP/CSPCP, and 
SSMP will be incorporated by reference, including sampling strategy (2. I 
Rationale), sampling methods (2.2 Methods and Techniques), and QA/QC Plan 
(2.3 Quality Assurance). 

3. Summary o f  Data and Findings. Data will be summarized in the site charaeteri- 
zation (remedial investigation) report. I t  will include discussion o f  waste types 
and concentrations on an areal and temporal basis (3.1 Sources and Quantities o f  
Contamination), and a characterization o f  the potential contaminant migration 
(3.2 Extent o f  Pathways f o r  Migration). 

4. Interpretation o f  Analysis. The conceptual model o f  the physiographic setting 
will be discussed in the site characterization (remedial investigation) report. 
Data interpretation will be based on observations (4.1 Existing Conditions), and 
will be extended to predict the future distribution o f  contaminants (4.2 Future 
Implications), resulting in an impact evaluation (4.3 Hazard Assessment). 

5. Recommendations. T h e  Hazard Assessment will lead to recommendations for  
remediations that include necessity (5.1 Need for  Corrective Action), a ranking 
of sites requiring remediation (5.2 Priorities), and consideration o f  technical, lo- 
gistical, and operational limitations to remediation (5.3 Constraints). 

6. Appendices. T h e  site characterization (remedial investigation) report will in- 
clude supporting data as appendixes. This will consist o f  a description o f  
sampling locations (6.1 Sampling Locations), in the form o f  a map and 
supporting detail regarding sampling sites. Data will be summarized in the 
Summary of Data and Findings including individuai analytical results (6.2 
Sample Analysis Data) referencing Quality Assurance/Quality Control 
documentation. Supporting calculations summarized elsewhere will be included 
(6.3 Pathways Calculations), along with numerical modeling results. 
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APPENDIX A -ACRONYMS 

This IGMP/CSPCP contains acronyms and terms that will not be familiar to 

some users and reviewers. Therefore, this section is included to assist the reader. 

AL: Albuquerque Operations Office 
ALARA: As low as reasonably achievable 
BNA: Base, neutral, Acid (semivolatile organics) 
CAA: Clean Air Act 
CEARP: Comprehensive Environmental Assessment and Response Program 
CERCLA: Comprehensive Environmental Response, Compensation, and 

CGMP: CEARP Generic Monitoring Plan 
CLP: EPA Contract Laboratory Program 
CWA: Clean Water Act 
DOD: U S  Department o f  Defense 
DOE: U.S. Department o f  Energy 
EPA: U.S. Environmental Protection Agency 
FFSDIF: Federal Facility Site Discovery and Identification Findings 
FIFRA: Federal Insecticide, Fungicide, and Rodenticide Act 
FS: Feasibility Study 
GOCO: Government-Owned, Contractor-Operated 
HRS: Hazard Ranking System CERCLA 
HSE: Health, Safety, and Environment Division, LANL and Rockwell 

HSL: Hazardous Substances List 
IGMP: Installation Generic Monitoring Plan 
IGMP/CSPCP: Installation Generic Monitoring Plan/Comprehensive Source 

LANL: Los Alamos National Laboratory 
MHRS: USDOE Modified HRS 
NEPA: National Environmental Policy Act 
NESHAPS: National Emission Standards for Hazardous Air Pollutants 
NPDES: National Pollutant Discharge Elimination System 
NPL: National Priorities List 
NRC: US. Nuclear Regulatory Commission 
OSHA: Occupatbnal Safety and Health Administration 
OVA: Organic vapor analyzer 
PA: Preliminary Assessment 
PFA: Planned Future Action 
PSI: Preliminary Site Inspection 
QAO: Quality Assurance Officer 
QAPP: Quality Assurance Project Plan 
QC: Quality Control 
RCRA: Resource Conservation and Recovery Act 
RMCL: Recommended Maximum Concentration Limit 
SCBA: Self-contained Breathing Apparatus 
SCR: Site Characterization Report 
SDWA: Safe Drinking Water Act 

Liability Act 

International 

and Plume Characterization Plan 
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SFMP: Surplus Facilities Management Program 
SHSC: Site Health & Safety Coordinator 
SI: Site Inspection 
sow Scope of Work 
SSMP: Site Specific Monitoring Plan 
SSMP/RIFS: Site Specific Monitoring Plan/Work Plan for Performance of 

SSP: Site Survey Program 
SWMU: Solid Waste Management Unit 
TDM Plan: Technical Data Management Plan 
TMC: Technical Measurements Center, GRJ A 0  
TSCA: Toxic Substances Control Act 
UST: Underground Storage Tank 

Remedial Investigations and Feasibility Studies for all High-Priority Sites 
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1. INTRODUCTION 

C E A R P  Phase 2 Confirmation consists o f  CEARP Phase 2a, Monitoring Plan, 

and C E A R P  Phase 2b, Site Characterization (Remedial Investigation). This Sampling 

Plan is one component o f  the Monitoring Plan for  Rocky Flats Plant. The Monitoring 

Plan typically consists o f  f ive  parts: Synopsis, Sampling Plan, Technical Data Man- 

agement Plan, Health and Safety Plan, and Quality Assurance/Quality Control 

(QA/QC) Plan. Because o f  the Compliance Agreement between the State o f  Colorado, 

the Environmental Protection Agency, and the Department o f  Energy (DOE), this 

Monitoring Plan also includes a Feasibility Study Plan. 

C E A R P  uses a three-tiered approach in the preparation o f  monitoring plans: 

the C E A R P  Generic Monitoring Plan (CGMP), the Installation Generic Monitoring 

Plan (IGMP), and the Site Specific Monitoring Plans (SSMPs). This revised IGMP 

serves as the Comprehensive Source and Plume Characterization Plan required by the 

Compliance Agreement. Therefore, the acronym used to refer to this plan is 

IGMP/CSPCP. 

This IGMP/CSPCP Sampling Plan details specific guidance f o r  implementation 

of C E A R P  Phase 2b site characterizations (remedial investigations) at Rocky Flats 

Plant and follows the guidance provided in the CGMP. The Sampling Plan is com- 

plemented by and inseparable from the Technical Data Management Plan and the 

Quality Assurance/Quality Control (QA/QC) Plan. Sections o f  the Sampling Plan are 

supported by reference to the other plans, and to the Synopsis. Emphasis is placed on 

integration o f  efforts for  each of the CEARP Phases: Phase 3 (Technological Assess- 

ment), Phase 4 (Remedial Action), and CEARP Phase 5 (Compliance and Verification). 

This IGMP/CSPCP Sampling Plan provides the following basic components o f  

sample/measurement collection and analysis a t  Rocky Flats Plant: 

- objectives and goals o f  the investigation, 
- methods and procedures and their justification, 
- transportation and shipping information, and 
- guidance for  the site-specific investigations. 
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The initial CEARP Phase 2 site characterization (remedial investigation) has 
provided considerable data to define regional and installation-wide geology, hydrol- 
ogy, and water quality. These data will be further analyzed and interpreted as a first 
step o f  the site characterization (remedial investigation) being performed under this 
IGMP/CSPCP Monitoring Plan. This analysis will define additional installation-wide 
data needs to enhance understanding of  the surf ace water and groundwater pathways. 
Some o f  these data needs have been identified, and are presented in Section 3 o f  this 
Sampling Plan. Additional installation-wide sampling locations, soils boring locations, 
and monitoring well locations may be identified based on the results o f  these analy- 
ses. 

Current understanding o f  the hydrogeological system and contaminant sources 
at  Rocky Flats Plant has resulted in definition o f  several high-priority sites (DOE 
1986f). These sites appear to be the primary sources o f  the known groundwater 
plumes. Therefore, the installation-wide source and plume characterization (remedial 
investigation) will be accomplished by first evaluating these high-priority sites, 
tracing the contaminant plumes originating from these sites, and integrating these 
data on an installation-wide basis. Second, all  lower-priority sites will also be 
characterized and these data incorporated into the data base. The details o f  the site- 
specific plume characterizations will be presented in the SSMPs. The installation- 
wide characterization (remedial investigation) presented in this IGMP/CSPCP may be 
modified based upon the results o f  these site-specific analyses. 

The premise o f  this Sampling Plan is that installation-wide data needs are 
mostly satisfied by site-specific requirements. Installation-wide needs encompass ad- 
ditional clarification o f  the sources contributing to and contaminant levels within the 
groundwater plumes, definition o f  interconnections and contaminant transport within 
the hydrogeologic system, and identification o f  gaps within the data base. To address 

these needs, this Sampling Plan was organized as follows: 

- The remainder o f  the introduction outlines the objectives o f  the site 
characterization. 

- Section 2 presents the site survey and 
common frame o f  reference, 

- Section 3 identifies installation-wide 
ments. 

mapping criteria that ensure a 

and site-specific data require- 
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- Section 4 presents the sampling plan and rationale to be followed. 

- Section-5 identifies the sample numbering system. 

- Section 6 identifies sampling equipment and procedures. 

- Section 7 discusses sample analysis and handling. 

- Section 8 presents sample documentation and tracking procedures. 

1.1. INTEGRATED APPROACH 

Sampling a t  Rocky Flats Plant will be conducted using an integrated approach. 

The integrated approach is summarized in the Synopsis (Section 5.2) and detailed here. 

The integrated approach breaks site characterization (remedial investigation) activi- 

ties into stages, in which the results from previous stages of sampling are used to re- 

fine the conceptual model used to design successive stages of sampling. This iterative 

process incorporates the experience and knowledge gained from each stage to mini- 

mize the total number of samples required to adequately characterize the site and to 

provide the necessary data base to prepare feasibility studies for alternative remedial 

actions. The benefit of staged sampling is greater flexibility within the sampling 

program with a minimum of cost. 
- 

1.2. OBJECTIVES OF THE SAMPLING PROGRAM 

The overall objectives of CEARP Phase 2b site characterizations (remedial in- 

vestigations) are to 

- verify and characterize contaminant sources, 

- determine the present areal and vertical extent of groundwater con- 
tamination glumes, 

- estimate potential for contaminant migration (including rate and di- 
rection) to support risk assessment studies, 

- support identification and technology assessments (feasibility studies) 
of alternative response actions, including the alternative of "no ac- 
t ion," and 

- support of long term monitoring and verification. 
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These objectives are detailed f o r  particular elements of the sampling program, 
. .  as follows. 

1.2.1. Location of  Waste Sites  

The locations and boundaries o f  waste sites will be defined under C E A R P  

Phase 2 b  site characterizations (remedial investigations) in order to delineate source 

areas for potential cleanup (e.g., removal or containment). This will enable evaluation 

of the potential f o r  migration o f  contaminants into the environment and evaluation 
o f  alternative remedial actions. 

1.2.2. s-y 

Sampling o f  geologic materials at  Rocky Flats Plant will include sampling o f  
soils and waste materials Pound within the soils and bedrock. The objective of this 

sampling is to confirm the types, concentrations, and extent o f  wastes and/or contam- 
inant migration. 

Geotechnical characterization a t  Rocky Flats Plant will be performed to sup- 

port the evaluation of  waste migration (e.g., sampling and testing for  hydraulic prop- 

erties) and to support the technological assessments (feasibility studies) of alternative 
remedial actions. 

1.2.3. Groundwater 

T h e  C E A R P  Phase 1 Assessment of Rocky Flats Plant recommended hydrogeo- 

chemical investigations o f  the aquifer systems in the immediate vicinity o f  the plant 

based on the ongoing hydrogeological studies. An initial C E A R P  Phase 2 b  site char- 

acterization’ (remedial investigation) was conducted in 1986 with the objective o f  

supplementing the existing hydrogeochemical understanding o f  the location, direction, 

rate o f  movement, recharge, and discharge o f  the hydrogeologic systems. Under the 

revised IGMP/CSPCP, this investigation wiII be expanded to fill area-wide and site- 

specific hydrogeologic data gaps. Ultimately, the investigation has the objective o f  

providing a comprehensive data base f o r  evaluating remedial actions. 
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Existing groundwater quality data indicate that radioactive and chemical con- 

taminants have entered the groundwater flow system. As a result of this information, 

radioactive and chemical contamination in groundwater will be a major focus of  the  

site characterization (remedial investigation) activities. The objectives of groundwa- 
ter sampling are as follows: 

- Identify and characterize the source(s) of contaminants in the 
groundwater. 

- Determine the present areal and vertical extent of groundwater con- 
tamination. 

- Estimate the potential for  contaminant migration (including rate and 
direction) to support risk assessment studies. 

- Support the identification and technology assessments (feasibility 
studies) of alternative remedial actions. 

1.2.4. Surface Water 

Surface water was not identified as an important pathway for  contaminant 

migration in the CEARP Phase I Installation Assessment. All available surface water 

data are presented in  the Geological and Hydrological Data Summary for  Rocky F i a t s  

Plant (RI 1986~).  The additional 42 surface water sampling locations used in the ini- 

tial CEARP Phase 2 site characterization were selected based on these data and per- 

ceived data gaps. Approximately half of these 42 stations were dry during the 1986 

sampling season. These stations will be sampled as part of the site characterization 

(remedial investigation) being conducted under this IGMPICSPCP Monitoring Plan. 

The primary objective of surface water sampling under this IGMF/CSPCP Sampling 

Plan is to support the characterization of the hydrogeochemical setting at Rocky Flats 

Plant by providing data on the interconnection between surface water and groundwa- 

ter. 

1.2.5. Biota 

The CEARP Phase I Assessment for  Rocky Flats Plant and the Radioecology 

and Airborne Pathway Summary Report (RI 1986b) did not identify biota as a 
significant pathway for contamination. There are no current plans for  biological 

sampling. 
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1.2.6. 

T h e  C E A R P  Phase I Assessment o f  Rocky  Flats Plant and the Radioecology 

and Airborne Pathway Summary Report (RI 1986b) did not identify a i r  as a signifi-  

cant pathway f o r  contamination. Existing a i r  monitoring programs appear to have 

adequately characterized the air pathway, and there are  no current plans for addi- 

tional air pathway characterization. However, a i r  will be monitored under the health 

and safety program. I f  this monitoring indicates that sampling activities are  impact- 

ing the a i r  pathway, more characterization data will be collected as appropriate. 

1.3. SCOPE 

The sampling activities outlined in this Sampling Plan will be completed in 

two or more stages in  line with the integrated approach being used by CEARP.  T h e  

scope of sampling and subsequent stages of sampling will be refined based on data 

analyses. T h e  anticipated scope o f  sampling corresponds to the data needs described 

in the Synopsis. SSMP Sampling Plans will be prepared f o r  each site or group of  sites, 

as appropriate. 

Data collection activities that apply generically to al l  or most sites include the 

following: 

- geophysical and soil gas surveys to locate waste sites and describe 
metallic objects within wastes, 

- land surveying to tie in geophysical surveys and provide precise loca- 
tions o f  sites, and to  provide a baseline for the location of sampling 
a t  sites, and 

- aerial photography to identify waste sites and past waste disposal 
practices. 

1.3.1. Soils and Geoloev 

Sampling o f  geologic materials and wastes will be conducted during the 

CEARP Phase 2 b  site characterizations (remedial investigations). Sampling may in- 

clude both soil and soil gas sampling. T h e  scope o f  anticipated sampling includes the 

following: 
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- sampling of soil gases using a field gas chromatograph, photoioniza- 
tien .defector and/or organic vapor analyzer, 

- sampling and analysis of soil to determine the presence, con- 
centration, and distribution of potential contaminants, and 

- sampling, analysis, and testing of soil in support of hydrogeochemical 
characterizations and engineering studies. 

1.3.2. Groundwater 

Groundwater samples will be taken to refine the site-wide hydrogeological 

conceptual model and to determine the extent of contaminant migration within 

groundwater of the plant. 

The scope of groundwater characterization includes investigation of the qual- 

i ty o f  water within both the alluvium and bedrock. This includes borings and moni- 

toring well installation in areas adjacent to waste sites. Surface geophysical methods 

and soil gas investigations are within the scope of this characterization. 

1.3.3. Surface Water 

The scope of surface water characterization a t  Rocky Flats Plant includes 

sampling of streams, ditches, and seeps which might be impacted by contaminants. 

1.4. SCHEDULE 

CEARP Phase 2b sampling activities a t  Rocky Flats Plant will begin a t  high- 

priority sites under the Site-Specific Monitoring Plan. The sampling schedule is pre- 

sented separately. 
- -  ' 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Sampling Plan Section 1 ,  page 7 



- 2. SITE SURVEY AND MAPPING 

Surveying and mapping will be conducted at  an installation level to assure a 

common frame of reference for all site characterizations (remedial investigations). 

All monitoring stations will be surveyed unless a high degree of  accuracy is deter- 

mined unnecessary for a particular station. Additional detail and guidance regarding 
site surveys and mapping is provided in the Technical Data Management Plan. 

2.1. INSTALLATION COORDINATE SYSTEM 

All monitoring locations wiil be described in accordance with the Rocky Flats 

Plant Installation Coordinate System. The plant coordinate system has been tied into 

the Colorado State Coordinate System using benchmarks established by the USGS. 

Horizontal survey data will be reported in both Rocky Flats coordinates and State co- 
ordinates so data collected on plant site can be related to regional data as necessary. 

Elevations will be reported in English units as feet above mean sea level. 

2.2. AREA OF INTEREST 

The area of interest to be surveyed and mapped has been established according 

to the guidelines contained in the Technical Data Management Plan. Rocky Flats 

Plant is contained within one property boundary. Thus, the area of interest extends 

to the plant property boundaries. 

2.3. SCOPE OF WORK FOR SURVEYING 

Tolerances of 20.01 ft vertically and 20.1 horizontally will be used in locating 

base stations and control points. Tolerances of ~ 0 . 0 1  ft vertically and 1 f t  horizon- 

tally will be allowed when surveying sampling locations. 
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- 3. DATA REQUIREMENTS 

This section presents an overview of the present situation and data require- 
ments for  installation-wide source and  plume characterization at  Rocky Flats Plant in 

accordance with the Compliance Agreement. Also included are general requirements 
for  CEARP Phase 2b site characterizations (remedial investigations). Detailed data 
collection requirements for  specific sites will be presented in the appropriate SSMP 

Sampling Plans. The goal of CEARP Phase 2b efforts is to collect sufficient data to 

meet the requirements of site characterizations, feasibility studies and 

risk/endangerment assessments, to identify alternatives for  remedial action and to 

plan long term monitoring and verification. 

3.1. INSTALLATION DATA NEEDS 

Installation-wide data needs have been identified as necessary to support the 

characterization of contaminant plumes, and  to develop and  continually refine con- 

ceptual models of contaminant transport. The data required for  installation-wide site 
characterization (remedial investigation) may be broken into four major categories: 

sources, geology, groundwater, and surface water. 

This section presents a brief summary of the current environmental situation 

a t  the Rocky Flats Plant and identifies gaps in  the existing data base. Section 4 pre- 

sents the Sampling Plan to fulfi l l  identified data  needs. 
\ 

3.1.1. Solid Waste Management Units 

Solid Waste Management Units (SWMUs) were identified in the RCRA Part B 

Permit Application (DOE 1986b). Each of these solid waste managements units was 

assigned a reference number and located on an  aerial photograph base map (Plate 1). 

This base map and  a tabulation of all solid waste management units cross-referenced 

to the CEARP Phase I report is presented in the Rocky Flats Plant IGMP/CSPCP Syn- 

opsis. 

The locations and nature of solid waste management units a t  Rocky Flats Plant 
have been defined based on existing information (DOE 1986b, DOE 1986f). Further 
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investigations o f  these solid waste management units should include precisely locating 
each unit and sampling in or near the unit to verify reported locations and contents. 

3.1.2. Soils and Geology 

3.1.2.1. Geology 

Available geologic data a t  Rocky Flats Plant consists of numerous regional and 

installation-specif ic geologic and geotechnical reports. Stratigraphy and lithology are 

available from geotechnical investigations a t  the present landfill, the solar ponds, var- 
ious onsite buildings, and from groundwater monitor well installations. These data 

are presented in  the Geological and Hydrological Data Summary for Rocky Flats 

Plant (RI 1 9 8 6 ~ ) .  In addition, detailed mapping of  surficial and bedrock geology at 

the plant was performed as part o f  the initial C E A R P  Phase 2 b  site characterization 

(remedial investigation) performed in 1986 in response to the Compliance Agreement. 

Surficial Geology. Surficial deposits a t  Rocky Flats Plant consist o f  Rocky 

Flats Alluvium, several alluvial materials in the valleys, and colluvium. The valley 

a iluvial materials are Verdos Alluvium, Slocum Alluvium, recent terrace alluviums 

and recent channel deposits (valley fill). The general composition and lateral extent 

o f  surficial deposits were well defined by the 1986 mapping effort (DOE 1986f). The 

thickness and compositional variations o f  alluvium and colluvium were well defined 

where borehole data exist (DOE 1986%). 

Additional installation-wide data on surficial geology are not considered neces- 

sary. However, additional site-specific surficial geology data will be collected during 

monitor well installation as presented in the SSMP Sampling Plans. 

Bedrock. Bedrock units beneath Rocky Flats Plant consist o f  Cretaceous Fox 

Hills Sandstone, Laramie Formation and Arapahoe Formation. The F o x  Hills Sand- 

stone and lower Laramie Formation SandStQReS outcrop in clay pits west o f  the plant 

and were characterized by the $986 geologic mapping (DOE 1986f). The upper 

Laramie Formation claystones subcrop beneath the Rocky Flats Alluvium in the west- 

ern plant buffer  zone, and the Arapahoe Formation subcrops immediately beneath 

and east o f  the plant. Outcrops o f  these formations were located by the 1986 geologic 

mapping; however, the contact between the Laramie and Arapahoe Formations could 
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not be positively identified in the field (DOE 1986f). Based on boring logs, the con- 
tact was estimated to be below the the first Arapahoe sandstone that was greater than 

5 f t  thick (DOE 1986f). 

Because the Arapahoe Formation subcrops beneath and east (downgradient) of 
the plant, the locations and extent of sandstone bodies within the formation are im- 

portant to an understanding of the bedrock flow system and contaminant transport. 

During the initial CEARP Phase 2b site characterization (remedial investigation), 

bedrock wells were cored to the first  total sandstone cumulative thickness of 3 f t  

within a 10-ft interval, and bedrock monitor wells were completed in these sand- 

stones, This drilling program identified numerous sandstone bodies at various depths 

beneath the plant which were previously unidentified. The sandstones are lenticular, 

discontinuous and stratigraphically complex (DOE 1986f). 

An installation-wide bedrock investigation may be necessary to support the 

quantification of groundwater flow patterns and solute transport in the groundwater. 

If warranted, based on plume characterizations, additional core data will be collected 

to determine the extent of known sandstones and to locate previously unidentified 

sandstone lenses. 

3.1.2.2. Geotechnical 

Geotechnical tests have been conducted on materials from many of the onsite 

borings. Data collected to date include standard penetration tests, Atterburg limits, 

and grain-size analyses of various materials (RI 1986~).  Cores have been collected 

during the initial CEARP Phase 2b site characterization (remedial investigation) that 

will be tested to evaluate permeabilities, porosities, and physical properties of bedrock 
and alluvial units in  support of hydrogeologic characterization. Based on the results 

of these tests, additional installation-wide data needs may be identified. 

3.1.3. Groundwater 

3.1.3.1 Hydrology 

There are two hydraulically-connected groundwater flow systems at  Rocky 

Flats Plant. These occur in the Rocky Flats Alluvium and other surficial materials, 
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and in the bedrock (primarily in the claystones and sandstones of the Arapahoe For- 
mation). 

Presented below is a discussion of each flow system and the data needs to sup- 
port potential groundwater modeling efforts. 

Shallow Flow Svstem. The shallow alluvial groundwater system in the Rocky 

Ffa ts Alluvium and other surficial materials occurs under unconfined conditions. The 
system is recharged by infiltration of incident precipitation and surf ace water. 

Shallow groundwater flow generally follows topography to the east and toward the 

drainages. Discharge areas are springs and seeps at  the alluvium/bedrock contact and 

major drainages. The shallow system appears to be quite dynamic, as large water 

table fluctuations occur in response to seasonal stresses. As a result of these fluctua- 
tions, large unsaturated zones within the system occur during certain portions of  the 

year. 

Shallow groundwater flow rates were calculated based on single-hole draw- 
down-recovery test data collected during the initial CEARP Phase 2b site characteri- 

zation (remedial investigation) (DOE 1986f). Data available to date indicate mean 

hydraulic conductivities as follows. 

Hydraulic Conductivity 
Material (cm/sec) 

Rocky Flats Alluvium 
Walnut Creek AIluviurn 
Woman Creek Alluvium 

9 x I O P 5  
3 x Io”s 
3 x loe3 

The effective porosity of alluvial materials is assumed to be 0.1 (Hurr 1976). 

Based  on the hydraulic conductivities presented above, an assumed effective porosity 

of 0.1,‘ and ‘gradients determined from the ’initial CEARP Phase 2 site characteriza- 

tion, groundwater velocities were calculated for each geologic unit listed above. The 

horizontal velocity is approximately 14 f t  per year in the Rocky Flats Alluvium, ap- 

proximately 900 f t  per year in Woman Creek alluvium and approximately 9 f t  per 

year in Walnut Creek alluvium. Dissolved chemical species do not migrate as far  as 

implied by the velocity calculations because the suaficial materials are not saturated 

year-round. Portions of the Rocky Flats Alluvium are probably saturated throughout 

the year, and conservative (nonattenuated) species in Rocky Flats Alluvium ground- 
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water could travel annual distances of the order calculated. However, conservative 

species in <alley_ fill groundwater cannot travel the predicted distances because these 

materials are dry during portions of the year (1986f). 

The shallow flow system a t  Rocky Flats Plant is generally understood; how- 

ever, additional flow data are needed for  a detailed understanding of the system. 

Seasonal water level fluctuations and unsaturated zones within the system need to be 

better defined on an installation-wide scale to describe the dynamic groundwater flow 

system. Hydraulic conductivity and effective porosity values also need to be deter- 
mined in  the field for  the Woman Creek Alluvium to support a quantitative evalua- 

tion of solute transport a t  Rocky Flats Plant. 

Bedrock Flow Svstem. Most groundwater flow in the Arapahoe Formation oc- 

curs in lenticular sandstone bodies contained within the claystones. Recharge to the 

sandstones occurs by leakage through the claystones or where the sandstones are in di- 

rect contact with saturated surficial materials. Groundwater in the sandstones flows 

east toward the point of regional discharge along the South Platte River. 

Groundwater flow rates estimated by DOE (1986f) were based on the initial 

CEARP Phase 2 site characterization (remedial investigation) and regional data. 

Based on single-hole drawdown-recovery tests and packer tests, the sandstones have an 

average hydraulic conductivity of 2 x cm/sec. Average hydraulic conductivity 

values for  weathered and unweathered claystone were developed using packer test 

data. These values were approximately 5 X cm/sec for  weathered claystone and 

1 x lom7 cm/sec for  unweathered claystone. Assuming an effective porosity of 0.1 

and the regional gradient, the horizontal velocity o f  the sandstones was estimated to 

be approximately 0.6 f t  per year (DOE 1986f). 

There is  a strong downward gradient between the shallow and bedrock flow 

systems (DOE 1986f). These gradients range from 0.20 to 1.0 based on onsite water 

level data from paired bedrock and shallow wells, No vertical conductivity values 

are available for  the claystones; however, a value one-third of the horizontal conduc- 

tivity of 1 x was assumed in order to calculate a downward groundwater velocity 

of 0.1 f t  per year (DOE 1986f). 
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Additional data are needed to better define bedrock flow directions and veloc- 

ities at Rocky Flats Plant. Refined horizontal and vertical hydraulic conductivity as 

well as effective porosity values are needed for the sandstones and claystones to fur- 

ther evaluate groundwater flow velocities and solute transport. Further testing of 

well pairs is also needed to investigate vertical gradients between the shallow and 

bedrock flow systems. 

3.1.3.2 Quality 

Groundwater conditions a t  Rocky Flats Plant have been monitored since 1961 

and chemical data exist for  monitoring over the past ten years. In addition, ground- 

water samples were collected from 27 existing wells and the 69 new wells during the 

initial C E A R P  Phase 2 site characterization (remedial investigation) (Plate 2). Based 

on these data, a one-time characterization o f  alluvial and bedrock water quality is 

presented in the R C R A  Part B Permit Application (DOE 1986f) and summarized in 

the IGMP/CSPCP Synopsis. This  characterization includes a discussion of background 

and downgradient water quality. Because the groundwater quality discussion pre- 

sented by DOE (1986f) is based on a one-time sampling event, seasonal water quality 

fluctuations need to be evaluated on an installation-wide basis. Quarterly groundwa- 

ter quality data are being collected as specified in the R C R A  Part B Operating Permit 

Application. In addition, site-specific groundwater quality will be evaluated during 

C E A R P  Phase 2b site characterizations. 

3.1.4. S u r f a c e r  

3.1.4.1. Hydrology 

Three intermittent streams drain Rocky Flats Plant. Flow is generally from 

west to east. Rock Creek drains the northwestern corner o f  the plant site and flows 

to the northeast toward its offsite  confluence with Coal Creek. Woman Creek drains 

the southern portion o f  the plant site and flows eastward to Standley Lake. North 

and South Walnut Creek and an unnamed tributary drain the remainder of the plant 

site. A series o f  dams, retention ponds, diversion structures and ditches Rave been 

constructed a t  the plant to control surface water and limit the potential f o r  release o f  
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poor quali-ty water. A detailed discussion of this system is presented in the RCRA 
Part B Permit Application (DOE 1986f). 

The surface water flow system is well understood and documented (DOE 
1986f). Surface water flow needs to be monitored on an installation-wide scale to de- 
scribe seasonal fluctuations in flows and to support groundwater flow and solute 

transport modeling. 

3.1.4.2. Quality 

Surface water quality is characterized in detail in the RCRA Part B Permit 

Application (DOE 1986b). This characterization is based on a one-time site character- 

ization sampling event and NPDES monitoring. The initial CEARP Phase 2 site char- 

acterization (remedial investigation) characterized surface water hydrology by mea- 

suring flow rates and sampling surface water a t  onsite sampling stations (Plate 2). 

Surface water discharged from retention ponds is monitored regularly to doc- 

ument compliance with NPDES permit requirements. The NPDES permit is issued 

and regulated by EPA and requires the plant to monitor for  specific pollutants at 

seven discharge locations. These seven discharge locations are: pond B-3 (discharge 

OOl), pond A-3 (discharge 002), Reverse Osmosis Pilot Plant (discharge 003), Reverse 

Osmosis Plant (discharge 004), pond A-4 (discharge 005), pond 33-5 (discharge 006) and 
pond C-2 (discharge 007). Sanitary effluent limitations are placed on pond B-3 

(sewage effluent), and limitations for nitrate and pH are placed on pond A-3. Dis- 

charge limits apply to the Reverse Osmosis Plant, and limitations on sediment release 

apply to ponds A-4, B-5 and C-2. In addition to NPDES permit requirements, all of 

these discharges are monitored for  pH, nitrate as nitrogen, nonvolatile suspended 

solids, plutonium, americium, uranium, and tritium (RI 1986a). 

Surface water quality was characterized by DOE (1986f). However, continued 

monitoring of NPDES discharge locations and the other surface water sampling loca- 

tions is necessary to define seasonal fluctuations in  surface water quality. 
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3.2, SITE-SPECIFIC DATA NEEDS 

Data needs at'the solid waste management units may be separated into three 

major categories: soils and geology, groundwater, and surface water. 

3.2.1. Soils and Geolsev 

3.2.1.1. Soils and Wastes 

Data needs for soils include geotechnical data (e.g., grain size, clay content, 

moisture content, compaction, and permeability), vadose zone data (e.g., adsorptive 

capacity, buffering capacity, and pore fluids and soil chemistry), and variability of 

these parameters. Collection of soil data may be accomplished by detailed soil sam- 

pling and testing and/or installation ~f soil water samplers as necessary. i n  addition, 

the extent of surficial contamination may be investigated by collecting surface soils 

and screening them for radioactive materials. 

Data needs for waste characterization will include sources, site boundaries, 

physical state, composition, and concentrations of waste materials. 

3.2.1.2. Geology 

Geologic data needs include depth and composition of surf icial materials, the 

Iosal extent and %ithelogy of existing sandstones, and the geotechnical characteristics 

of both surficial and bedrock materials. 

3.2.2. Groundwater 

Groundwater data needs include the monitoring of water levels, the determina- 

tion of water quality and hydraulic conductivity, definition of local stratigraphy and 

lithology, and quantification of seeps to surface. Tasks designed to fill groundwater 

data needs at  the high-priority sites will include installation of monitoring wells in 

both alluvium and bedrock, sampling and geotechnicai testing of alluvial and bedrock 
materials, and sampling and analysis of groundwater. The elevation of groundwater 
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will be measured in wells and a t  seeps to provide data for  determination of ground- 

water flow directions. A complete description of the tasks to be implemented will be 

presented in the individual SSMP Sampling Plans. 

3.2.3. Surface Water 

Surf ace water data needs include topographic mapping, interceptor ditch f low,  

surface water flow and quality, and their variability. The surface water investiga- 

tion will include preparation of detailed topographic maps of each area of investiga- 

tion to determine drainage area characteristics. Water samples from the interceptor 

ditches and creeks will be collected from multiple locations upstream, adjacent to, and 

downstream from the area being investigated. Stream flow data may be collected 

from existing gauging stations or new installations. 
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4. SAMPLING PLAN AND RATIONALE 

4.1. INSTALLATION-WIDE SAMPLING PLAN 

The first  task of this Sampling Plan will be to review all available data so that 

a conceptual understanding (model) of the existing system can be developed. The sec- 
ond task will be to identify specific locations where sampling and testing are  to be 

conducted to test the conceptual model. Discussion of the probable techniques to be 
used for  collecting data is provided below. 

4.1.1. Soils and Geology 

4.1.1.1. Soils and Wastes 

Characterization of suspected waste sites will be conducted on a site-specific 

basis (Section 4.2). Characterization will include source locations, waste compositions, 

and  evaluation of potential migration pathways. As stated in  the introduction, most 

of the installation-wide characterization (remedial investigation) needs will be satis- 

f ied by activities carried out under site-specific investigations. These site-specific 

data will be used as input to the mathematical model(s) that  will be used to evaluate 

contaminant transport through the various pathways on a n  installation-wide basis. 

Additional data needs identified by this modeling effort  will then be identified. 

4.1.1.2. Geology 

Additional investigations of the geology a t  Rocky Flats Plant are anticipated 

to be confined to collection of site-specific data. Data to be generated include the 

thickness and  composition of alluvial deposits, the local extent and lithology of sand- 

stone units, and geotechnical parameters of both bedrock and alluvial deposits. 

4.1.2. Groundwater 

Characterization of groundwater flow and quality has been identified as an  
Characterization of contaminant plumes in either allu- installation-wide data need. 

vial or  bedrock units will be initiated on a site-specific basis. 
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Techniques to be used in developing these data may include multiple well- 
pumping tests, dug  t-ests, and tracer tests. Monthly groundwater elevation measure- 
ments of all wells will be conducted for at  least one year in order to determine sea- 

sonal variation in the potentiometric surface. Drilling and installation of additional 

groundwater monitoring wells in locations where data are lacking may be necessary. 

The extent of groundwater quality data needs will be more accurately evalu- 

ated following reviews of the available data and the newly acquired site-specific 

data. All new and existing monitoring wells will be monitored quarterly to ade- 

quately characterize seasonal and spatial variation in groundwater quality. 

4.1.3. Surface Water and Sediment 

Characterization of surface water flow and surface water quality will be in- 

vestigated on an installation-wide basis. Quarterly sampling of surface water in each 

drainage will be necessary to detect seasonal variation in surface water quality. Dis- 

charge information may be collected and evaluated from multiple locations on each 

drainage to further characterize surface water flow patterns and to evaluate the rela- 

tionship between surface water and groundwater. 

Sediment quality was characterized during the initial CEARP Phase 2 site 

characterization (remedial investigation) (DOE 1986f). On an installation-wide basis, 

additional sediment samples are not deemed necessary. 

4.2. GUIDANCE FOR THE SITE-SPECIFIC SAMPLING PLANS 

This section provides a brief overview of the planned environmental monitor- 

i n g  and site-specific characterization activities at  Rocky Flats Plant. Detailed discus- 

sions of the site-specific sampling efforts and rationale will be included in the SSMP 

Sampling Plans. 
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4.2.1. Soils and Geoloev 

4.2.1.1. Soils and Wastes 

T h e  delineation o f  waste site boundaries is an identified data need (Section 2 

of the Synopsis). Geophysical surveys will be conducted to delimit the boundaries 

and identify some characteristics o f  waste sites. T h e  surveys will be tied in to the In- 

stallation Coordinate System and established benchmarks. T h e  surveys will include a 
sampling network specific to each potential waste site identified in the SSMPs, with 

systematic sampling on a grid basis. 

Specif ic  geophysical techniques to be applied at Rocky Flats  Plant are  ex- 

pected to include electromagnetic induction (EM), magnetometry, metal detection, and 

vertical electrical resistivity. Electromagnetic induction and visual inspection will be 

used as the primary means of locating areas o f  disturbed soil. I t  will also be used for  

reconnaissance of chemical spills. Magnetometry and metal detection will be used to 

locate buried metallic objects. T h e  location o f  metallic objects will provide data on 

past burial operations and will be used as a guide f o r  drilling locations to avoid 

drilling into those objects. Resistivity will be used, as appropriate, to develop data on 

the vertical extent of the source areas. 

Sampling o f  soil and wastes will be conducted to confirm the extent and char- 

acteristics o f  potential contaminants and contaminant migration. Af ter  waste site 

boundaries are  delineated by the geophysical survey, the waste sites will be sampled 

using both soil gas sampling and soil borings. 

T h e  specific number, location, depth, sampling interval, and requisite analyses 

f o r  both direct and indirect samples will be specified in the SSMPs. 

4.2.1.2. Geology 

Detailed investigation of the geology of each site to be characterized is needed 

in order to evaluate (1) the depth and composition o f  alluvial materials; (2) the local 

extent and lithology o f  sandstones; and (3) the geotechnical characteristics o f  both the 

alluvial and bedrock deposits. 
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Borings and cores a t  selected locations through the alluvium and into bedrock 

will be used to'generate geologic data. Samples of each unit will be collected and 

lithologically described to generate data on the composition and extent of geologic 

materials. Techniques for sample collection and description are included in Ap- 

pendix A. 

4.2.1.3. Geotechnical 

Site-specific geotechnicai data will include laboratory tests to evaluate perme- 

abilities, effective porosities, and physical properties of bedrock and alluvial units. 

Installation needs will be identified as appropriate. Falling head permeability tests 

will be performed on bedrock cores to investigate horizontal and vertical laboratory 

permeabilities, and capillary moisture tests will be conducted on bedrock cores to es- 

timate effective porosities. At least three samples of each bedrock unit will be tested 

to account for sample variability. 

If existing data does not include physical properties data, physical properties 

tests will be performed on appropriate bedrock and alluvial materials. Physical prop- 

erties tests will consist of grain-size analyses, Atterburg limits, and water content 

tcsts. Hydrometer tests will be performed if more than 50 percent of a sample passes 

the 200-mesh sieve. Physical property test results will be used to develop a basis for 

selecting monitor well screen and filter pack sizes, to compare visual field classifica- 

tions on boring logs with laboratory results, and to calculate permeability values 

based on emphicad correlations to physical properties, 

4.2.2. Groundwater 

Specific tasks to be completed in order to characterize the hydrogeology of 

Rocky Flats Plant are expected to include soil gas surveys, monitor well installation 

and sampling, and surface water sampling. Soil gas surveys will be completed in or- 

der to detect the distribution of volatile organic contaminants within the groundwater 

as well as to assist in locating souFce areas. Installation and sampling of groundwater 

monitoring wells will provide data on the flow and quality of groundwater in the 

vicinity of the sites. 

. .  I 
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4.2.3. Surface Water 

Sampling o f  surface water will provide data on the potential impact of 

groundwater on surface water quality. 

4.2.4. Air 

Monitoring o f  air f o r  particulates and organic vapors will be maintained on a 

site-specific basis during invasive sampling (Le., soil boring) f o r  the purpose of  pro- 

tecting the health and safety of  the sampling team. This  monitoring will be used to 

determine the need, if any,  f o r  additional a i r  quality sampling during site 

characterizations (remedial investigations). Specif ic  air monitoring procedures to be 

used during invasive sampling will be specified in the SSMP Health and Safe ty  Plans. 
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. . .  5. SAMPLE NUMBERING SYSTEM 

Each sample collected for  chemical analysis, including replicates, blanks, and 

quality control check samples, will be identified by a unique sample identification 

number. Samples are identified by installation (Rocky Flats Plant), location (ie., well 

number), sample matrix, sample ID, date, and lot control number (for tracking lots as- 

sociated with a particular blank, replicate, or quality control check sample). Sample 

results will be reported by matrix on the same basis. 

Location ID and sample ID, including all of the above information, will be as- 

signed by the subcontractor site manager. These data identifiers will be assigned 

prior to field activities. Field personnel will carry a list of designations, keyed to a 

map, into the field with them. 

Additional locations may be assigned while field teams are onsite, if war- 

ranted. If additional locations are assigned during field activities, they will be doc- 

umented by  the field team. It  will be the responsibility of the field team leader to 
make sure a "Location Information" form is completed. A copy of the form is in- 

cluded in Appendix B of the Technical Data Management Plan. 
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6. SAMPLING EQUIPMENT AND PROCEDURES 

This section presents general procedures to be followed during the site charac- 

terizations (remedial investigations) a t  Rocky Flats Plant. Equipment and procedures 
to be used are  presented in Appendix A. 

6.1. SURFACE SOIL SAMPLES 

Samples of surficial soil material may be collected from onsite areas of Rocky 

Flats Plant using a spade or scoop. The samples will be placed into the appropriate 

sample container, labeled, and  transported to the laboratory, where they will be 

screened for radioactive contamination. The sampler will be decontaminated prior to 

each use in accordance with the standard protocol presented in Appendix A. 

6.2. SOIL SAMPLES COLLECTED DURING DRILLING 

Soil borings will be performed to characterize the nature and  volume of 

wastes. General drilling and logging procedures are described in Appendix A. Site- 

specific modifications to these procedures will be included in individual SSMPs. 

6.2.1 SarnDles for Laboratorv Analvsis 

Continuous drive samples will be collected from the ground surface to total 

depth where possible. Total depth will vary depending on visual description of sam- 

ples (i.e., presence of stains for  metals) and qualitative screening for  organics and 

radionuclides. 

In general, up to six samples f rom each boring at  suspected waste sources may 

be submitted f o r  laboratory analysis. Screening will be used to determine which sam- 

ples to submit for  laboratory analysis. The purpose of screening is to obtain a prelim- 

inary indication of the magnitude and distribution of volatile contaminants, metals, 

and radionuclides in the subsurface. Selection of the samples will be based on the 

screening (visual, radiation, and organic vapors). Samples from the core a t  the fol- 

lowing locations may be submitted to the laboratory: 
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- directly above the waste - in the-most-contaminated zone of the waste 
- directly berow the waste 
- at the base of the surficial material 
- within the bedrock near the bedrock/alluvial contact. 

The exact location of the samples will be determined by interpretation of the 

visual characteristics, and radiation and organic vapor measurements. Two samples 

characterizing the most contaminated zone of the waste may be submitted should the 

zones of highest radiation and volatile organics not correlate. Also, a sample directly 

above the waste may not be submitted for analysis should this zone be at  or near the 

surface, because the surface will adequately demark the upper bounds of the waste. 

Should the waste be located within the bedrock, only one coring below the waste will 

be submitted. 

Soil samples will be collected from soil borings near waste sources to determine 
the extent and magnitude of soil contamination. Visual, radiation, and organic vapor 

screening will be used to determine which samples to submit for laboratory analysis. 

I n  general, up to three samples will be submitted for analysis. 

Sampling equipment will be decontaminated prior to each use in accordance 

with the standard protocol presented in Appendix A. 

6.3. MONITORING WJXE INSTALLATION 

Monitoring wells will be installed OB a site-specific basis to characterize 

groundwater quality. Their locations will be based on geophysical and soil gas sur- 

ve ys. 

General procedures for  the installation of monitoring wells are described in 

Appendix A. 

6.3.1. Installation of Soil Water Samders 

Soil water samplers (lysimeters) may be installed for characterization of the 

vadose zone. A procedure for the installation of soil water samplers is included in 

Appendix A. 
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6.3.2. Installation of Soil Water Monitors 

Various devices to monitor soil suction or soil moisture content may be in- 

stalled (e.g., tensiometers, neutron probe access tubes, thermocouple psychrometers, 

and resistance blocks). The specific devices will be detailed in  the SSMP Sampling 
Plans. Procedures for  installation of tensiometers are included in Appendix A. 

6.4. GROUNDWATER SAMPLES 

Migration through groundwater has been identified as a significant potential 

pathway for  release of contaminants to the environment a t  Rocky Flats Plant. Sam- 

pling of groundwater is necessary to evaluate the degree of groundwater contamina- 

tion which has occurred as well as the potential for  future  contaminant migration. 

All wells will be purged before sampling. Procedures for  well sampling and 

purging are presented in  Appendix A. 

6.5. HYDRAULIC TESTS 

Groundwater systems may be tested to characterize hydraulic properties such 

as hydraulic conductivity and effective porosity, to calculate groundwater flow veloc- 

ity, and  to estimate other properties important to contaminant migration. Procedures 

for drawdown-recovery tests of monitoring wells are  included in Appendix A. 

6.6. SURFACE WATER SAMPLES 

Surface water samples will be collected from streams, ditches, and seeps to as- 

sist in  characterizing the hydrogeochemistry of Rocky Flats Plant. The samples will 

be collected according to the protocol presented in Appendix A. 

6.7. STORAGE AND DISPOSAL OF DRILLING AND SAMPLING WASTES 

Sampling and drilling activities could generate potentially hazardous solid and 
The activities, anticipated type and amount of waste, and planned liquid "wastes". 

handling of the wastes are  summarized below. 
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- Waste boring sampling: solid, auger cuttings and excess soil/cuttings 
collected. but not retained in sample containers--returned to borehole 
upon completion (bentonite plugs placed at  the base of the borehole 
to approximately 2 f t  above the base of waste material and also at  
the surface of the borehole); liquid--none. 

- Surface soil sampling: solid, any excess soil Prom that collected for 
the composite--returned to holes created by sample collection; liquid- 
none. 

- Sediment sampling: solid, any excess sediment collected in auger but 
not retained in jars--lef t at  sampling site; liquid--none. 

- Surf ace water sampling: solid--none; liquid--none. 

- Monitoring well installation: solid, bulked in drums for screening 
and/or composite testing and appropriate disposal when taken from 
suspect contaminated sites; otherwise left on land surface adjacent to 
well; liquid--none. 

- Vadose zone monitor installation: solid, bulked in drums for compos- 
ite testing and appropriate disposal when taken from suspect contam- 
inated sites; otherwise, left on land surface adjacent to bore holes; 
liquid--none. 

- Pump testing: liquid, discharged to plant waste treatment system 
when testing at  a suspect contaminated site; otherwise, disposed of on 
ground surface. 

- Groundwater purging/sampling: solid--none; liquid, purged from 
wells prior PO sampling discharged to plant waste treatment system 
when testing at  a suspect Contaminated site; otherwise, disposed of on 
ground surface. 

Disposal of any bulked "wastes" will depend on analytical test results of sam- 

ples taken to characterize the wastes. Qne composite sample will be taken on a site- 

by-site basis. Testing will be done for EP toxicity, hazardous characteristics, Haz- 

ardous Substance List (HSL) organics, and radioactive materials to determine accept- 

ability a t  the Rocky Flats Plant waste treatment facilities. If the material cannot be 

accepted by the Rocky Flats Plant waste treatment and/or disposal facilities, it  will 

be disposed of at  an appropriate offsite facility. Solid wastes such as disposable 

booties, Tyvek, contaminated papei, and Saran Wrap, will be considered hazardous for 

disposal purposes; the subcontractor site manager will ensure that wastes are disposed 

o f  in an approved manner. 
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7. SAMPLE ANALYSIS AND HANDLING 

The testing program for samples collected during implementation of this Sam- 

pling Plan will be summarized in individual SSMPs. All water sampled (Le., surface 
water, effluents, soil water, and groundwater) will be tested in the field for pH, spe- 

cific conductance, and temperature. The water, waste, and soil samples will be tested 

for  select organic, inorganic, and radiological parameters using the analytical methods 

detailed in the IGMP/CSPCP Quality AssurancelQuality Control Plan. 

7.1. SAMPLE CONTAINERS AND PRESERVATION 

Sample containers and preservation are presented in Tables 7.1 and 7.2. Ana- 

lytes will be identified on a site-specific basis in  the SSMPs. Although initial sam- 

pling should not include collection of other than low-hazard environmental samples, 

guidance regarding high-, medium-, and low-hazard samples is provided. 

7.1.1. High-Hazard SamDles 

High-hazard samples collected for  chemical analysis, those collected from 

drums, tanks, or spills, where they have not been diluted by environmental conditions, 

will be contained and preserved in accordance with €PA protocols listed in Table 7.1. 

These samples will be shipped directly to the laboratory for  preparation of extracts. 

The analysis to be performed must be specified a t  the time the high-hazard sample 

preparation is scheduled. All high-hazard samples will be placed in 8-02 wide-mouth 

glass jars, sealed in paint cans, and marked as hazardous. N o  preservatives are re- 

quired for  high-hazard samples. 

Samples collected in locations where radioactive contamination could occur 
I t  is not anticipated that any samples will qualify as will be screened in the field. 

radioactive under DOT regulations. 

7.1.2. Medium-Hazard SamaleS 

Medium-hazard samples are those that have originated from drums or concen- 

trated residues, but that have been diluted somewhat by environmental conditions. 

Medium-hazard samples will be contained, preserved and shipped as appropriate for 
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testing in accordance with €PA protocols listed in Table 7.2. All medium-hazard 

sample containefs will be placed in paint cans and marked as hazardous. In all other 

respects, medium-hazard samples are treated in the same manner as low-hazard sam- 

ples. 

7.1.3. L-~amales 

Low-hazard samples are environmental samples in which contaminants have 

been significantly diluted by the environment. Low-hazard samples will be contained 

and preserved as appropriate f o r  testing in accordance with EPA protocols listed in 

Table 7.2. If necessary, samples will be placed on ice immediately after  collection to 

maintain a temperature o f  4 ' ~ .  

Most groundwater samples collected for  soluble inorganic metals analysis will 

be filtered in the field or at  an onsite laboratory as soon as possible af ter  collection 

but prior to the addition o f  nitric acid preservative. Filtering will be done with a 
pressure filtration device and 0.4s-micron filter. Surface water samples and ground- 

water samples collected f o r  total metals analysis will not be filtered prior to acid 

preservation. 

7.1.4. Radioloeical Sambles 

Radioactive contamination of soils and water is of concern a t  Rocky Flats 

Plant. Only %ow-levell samples are anticipated; however, samples will be screened in 
the f ield to confirm that expectation. All soil samples to be analyzed for radionu- 

clides (e.g., tritium, uranium, plutonium, americium, and strontium) will be collected, 

contained, and preserved according to protocols specified f o r  metals and cyanide in 

soil and sediment (Table 7.2). All water samples to be analyzed for  these parameters 

will be collected, contained, and preserved identically to low-concentration minerals 
I *  

i n  water (Table 7.2). 
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7.2. SAMPLE PACKAGING AND SHIPMENT 

7.2.1. High-Hazard Samdes 

In  preparation for  shipment to the analytical laboratories, all high-hazard 

samples will be packaged in accordance with the following procedures: 

- Sample container caps will be tightened securely and sealed with 
tape; liquid levels will be marked if bottles are  partially full. 

- Sample labels will be securely attached to the sample container; each 
sample container will be placed in a zip-loc baggie (TM), ensuring 
that labels can be read. 

- All bagged sample containers will be placed in paint cans, and the 
cans will be filled with vermiculite. 

- The paint cans will be placed in a cooler lined with two inches of 
vermiculite or  equivalent absorbent packing material; each paint can 
will be surrounded by packing material and all remaining space in 
cooler will be filed with additional packing material. 

- Chain-of-custody forms will be placed in a manila envelope; the en- 
velope will be placed in a zip-loc baggie (TM) and taped to the inside 
of the cooler lid. 

- The cooler will be closed and sealed shut with strapping tape; if the 
cooler has a drain port, i t  will be sealed shut with tape; custody seals 
will be placed across the closure a t  the front of the cooler. 

- The cooler will be marked with labels indicating hazardous sub- 
stances. 

- If shipped offsite, the shipper's and  consignee's addresses will be 
fixed to the top of the cooler; if the samples are liquid, "This End 
Up" labels will be placed appropriately. 

- The cooler will be shipped to a laboratory. 

High-hazard samples will be shipped within twenty-four hours o f  collection if 
sent to an  offsite laboratory. 
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7.2.2. Medium-Hazard Samblea 

Medium-hazard samples will be packaged in the same manner as high-hazard 

samples. Organics samples will be shipped within twenty-four hours of collection if 
sent to an offsite laboratory. Inorganics samples will be shipped within forty-eight 

hours if sent to an  offsite laboratory. 

7.2.3. Low-Hazard Sambles 

In preparation for shipment to the analytical laboratories, all low-hazard sam- 

ples will be packaged in accordance with the following procedures: 

- The sample will be checked for proper preservation; the sample con- 
tainer cap will be tightened securely and sealed with tape; liquid 
levels will be marked if bottles are partially full. 

- Sample labels will be securely attached to the sample container; each 
sample container will be placed in a zip-loc baggie (TM), ensuring 
that labels can be read. 

- The bagged sampIe containers will be placed in a cooler lined with 
two inches of vermiculite or equivalent absorbent packing material; 
each sample will be surrounded by packing material and all remain- 
ing space in the cooler will be filled with additional packing mate- 
rial. 

- Chain-of-custody forms will be placed in a manila envelope; the en- 
velope will be placed in a zip-loc baggie (TM) and taped to the inside 
of the cooler %id. 

- The cooler will be closed and sealed shut with strapping tape; if the 
cooler has a drain port, it will be sealed shut with tape; custody seals 
will be placed across the closure a t  the front of the cooler. 

- If shipped offsite, the shipper’s and consignee’s address will be af-  
fixed to the top of the cooler; if the samples are liquid, “This End 
Up” labels will be placed appropriately. 

Samples for  organic analyses will be shipped within twenty-four hours of col- 

lection if sent to an offsite laboratory. Samples for  inorganic analyses will be 

shipped within forty-eight hours of collection if sent to an offsite laboratory. 
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7.2.4. Radioloeical Samoles 

Environmental samples for  radiological analysis should be low-hazard and if 

shipped offsite will be shipped according to the procedures for low-hazard samples. 

Samples collected during soil sampling will be screened for radioactivity. Should ra- 
dioactivity levels exceed DOT criteria for classification as radioactive (specific activ- 

ity greater than 0.002 microcuries per gram), they will be labeled and shipped accord- 

ing to DOT regulations if sent offsite. 
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Table 7.1. Required Sample Containers nd Preservation 
f o r  High-Hazard Samples al 

Testine Preservation 

Oraanics in Water and Liauids (Hiah Concentration) 

All Organics 
Analysis 

One 8-02 wide-mouth 
'glass j a r  with Teflon- 
lined cap; filled 3/4 
ful l  

Inorganics in Water and Liauids (High Concentration) 

All Inorganics 
Analysis 

Fluoride 

One 8-02 wide-mouth 
glass jar ;  fi l led 3/4 
full  

One 500-ml polyethylene 
bottle fil led to shoulder 

Organics in Soil and Sediment (High Concentration) 

All Organics 
Analysis 

One 8-02 wide-mouth 
glass j a r  with Teflon- 
lined lid; fi l led 3/4 
full  

Inorganics in Soil and Sediment (High Concentration) 

All Inorganics 
Analysis 

Fluoride 

One 8-02 wide-mouth 
glass jar ;  f i l led 3/4 
full 

None required 

None required 

None required 

None required 

None required 

One 500-ml polyethylene None required 
bottle fil led to 
shoulder 

'All high-hazard sample bottles must be shipped in paint cans as hazardous. 
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. Table 7.2. Required Sample Containers and Preservation' 
for  Medium and Low Hazard Samples 

Testing Containers Preservation 

Organics in Water and Liauids (Medium Concentration) 2 

Extractables 
(acid, base/ 
neutral, 
pesticides/PCB) 

Volatiles 

Four 32-02 wide-mouth None required 
glass jars with Teflon- 
lined caps; filled to 
neck 

Two 40-ml VOA vials with 
Tef Ion-lined caps; com- 
pletely filled--no air  
bubbles 

None required 

Inoreanics in Water and Liauids (Medium Concentration)' 

Metals 

Cyanide 

One 16-oz wide-mouth 
glass amber bottle; 
filled to shoulder 

One 16-02 wide-mouth 
glass amber bottle; 
filled to shoulder 

Total Suspended 
Solids, Total polyethylene bottle; 
Dissolved Solids filled to shoulder 

One 500-ml high density 

Minerals 
Acidity 
Alkalinity 
Chlorine 
Fluoride 
Sulfate 

One 500-ml high-density 
pal yet h y len e bot t 1 e; 
filled to shoulder 

Nutrients 
Ammonia One I-liter Polyethylene 
COD bottle filled to shoulder 
T K N  

T O 8  
Total Phosphorous 

NO -NO2 

1:1 "03 to 
pH<2 

6N NaOH to 
p H >  12 

None required 

Cool 4OC 
Cool 4OC 

Cool 4OC 

Room temperature 
Room temperaure 

1 ml 1:l H2S04 
to pH<2; cool 
4OC 
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Table 7.2. (Continued) 
. . -  

Testing Containers Preservation 

Organics in Soil and Sediment (Medium Concentration) 

Ex tractables One 8-02, wide-mouth 
(acid, base/ glass jar with Teflon- 
neutral, 'lined lid; filled about 
pes ticides/PCB) 3/4 full  

Volatiles Two 120-ml glass vials 
with Teflon-lined lid; 
filled as completely as 
possible 

Inorganics in Soil and Sediment (Medium Concentration) 

Metals and Cyanide One 8-0z, wide-mouth 
glass jar; filled about 
3/4 full 

Extractables 
(acid, base/ 
neutral, 
pesticides/PCB) 

VoIatiles 

Two 1/2-gaI. glass 
amber bottles with 
Tef lon-lined caps; filled 
to neck 

Metals 

None Required 

None Required 

None Required 

Two 40-m1 VOA vials with 
Teflon-lined caps; corn- 
plletely f illled-no air 
bubbles 

Iced to 4OC 

C yanide 

Iced to 4OC 

3 Inorganics in Water and Liauid (Low Concentration1 

One 1-liter high-density 
polyethylene bottle; pH<2 
filled to shoulder 

1:l HN03 to 

One I-liter high-density 
polyethylene bottle; pH>12 
filled to shoulder 

6N NaOH to 

Total Suspended One 500-ml high-density None Required 
Solids, Total polyethylene bottle; 
Dissolved Solids filled to shoulder 
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Table 7.2. (Continued) 

Testing 

Miner a Is 
Acidity 
Alkalinity 
Chloride 
Fluoride 
Sulfate 

Containers 

One 500-ml high-density 
pol yet hylene bot tle; 
filled to shoulder 

Nutrients 
Ammonia One 1-liter polyethylene 
COD bottle filled to the 
TKN shoulder 
3 N O 2  

Total Phosphorous 

Oreanics in Soil and Sediment (Low Concentration) 

Extractables 
(acid, base/ 
neutral, 
pesticides/PCB) 

Volatiles 

One 8-0z, wide-mouth 
glass jar with Teflon- 
lined lid; filled about 
3/4 full  

One 8-02 glass vial 
with Teflon-lined lid; 
fill  as completely as 
possible 

Inoreanics in Soil and Sediment (Low Concentration1 

Metals and Cyanide One 8-oz, wide-mouth 
glass jar; filled about 
3/4 ful l  

Preservation 

Cool 4OC 
Cool 4OC 

Cool 4OC 

Room temperature 
Room temperature 

1 ml 1:l H2S04 
to pHc2; cool 
4OC 

Iced to 4OC 

Iced to 4OC 

Iced to 4OC 
(optional) 

'All medium-hazard sample bottles must be shipped in paint cans marked as 
hazardous. 

2Water samples collected for  duplicate analysis must be collected a t  double the volume 
specified for  organics and inorganics. In addition, one volatile tr ip blank (distilled- 
deionized water poured directly into two 40-ml vials) should be supplied per 
shipment. 

31f sample preservative is required, pH will be monitored to assure proper adjustment. 
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1 . 8. SAMPLE DOCUMENTATION AND TRACKING 

8.1. FIELD RECORDS 

Field observations and other pertinent information pertaining to sample collec- 

tion will be recorded in bound field notebooks using biack ink. Data will be recorded 
on field data  records contained in Appendix B of the Technical Data Management 

Plan and  entered into the data base as described in the Technical Data Management 

Plan. 

Notebooks shall be assigned to field personnel. Each notebook will be identi- 

f ied by a Document Control Number. The cover of the notebook will contain the 

following information: organization, book number, project name, start  date, and end 

date. 

8.2. CHAIN-OF-CUSTODY PROCEDURES 

All samples will be collected and hanc 

tody procedures listed below: 

led in accordance with the chain-o 

- Samples will be kept in  the possession or sight of a t  least one sam- 
pling team member a t  all times, unless transferred to a secure, locked 
area. 

- A sample ID tag, including predesignated location ID and  sample ID 
will be affixed in the field. 

- Prior to relinquishing samples for  packaging and shipment, one 
member of the sampling team will f i l l  out a chain-of-custody record 
(Figure 8.1) for  all team members to sign. 

- If samples are stored temporarily prior to shipment, they will be kept 
cool and placed in  a secured storage area. Coolers will be sealed and 
custody seals affixed just prior to shipment. 

- If custody is transferred to the Shipping and Receiving Department 
a t  Rocky Flats Plant, the recipient will sign the chain-of-custody 
form. 

- Shipping receipt for  shipment by courier (above) should be retained 
and  kept with one copy of the chain-of-custody form. 

-cus- 
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Jefferson County, Colorado," US Geological Survey Open-File report 76-268, 1976. 

RI 1986a: "Annual Environmental Monitoring Report: January-December 1985," 
Rockwell International Rocky Flats Plant, Golden, Colorado report RFP-ENV-85, 
April 1986. 

R I  1986b: "Rocky Flats Plant Radioecology and Airborne Pathway Summary Report," 
Rockwell International, Rocky Flats Plant, Golden, Colorado unnumbered report, 
December 1986. 

RI 1986c: "Geological and Hydrological Data Summary, Rocky Flats Plant," 
Rockwell International, Rocky Flats Plant, Golden, Colorado unnumbered report, 
December 1986. 
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APPENDIX A 

1. DRILLING AND SAMPLING 

1.1. PURPOSE 

To provide procedures for borehole drilling and sampling. 

1.2. DEFINITIONS 

- Monitor Wells: Two-inch wells designed for  monitoring water levels 
and groundwater quality. 

- Alluvial Wells: Monitor wells completed in surficial materials 
(Rocky Flats Alluvium, colluvium, or valley fi l l  alluvium). 

- Bedrock Wells: Monitor wells completed in saturated sandstone of 
the Arapahoe or Laramie Formations. 

- Piezometers: Two-inch wells completed in claystone of the Arapahoe 
or Laramie Formations for monitoring water levels. 

- Surface Casing: Casing set and grouted through surficial materials 
in bedrock wells to prevent interconnection of shallow and deep flow 
systems. 

1.3. RESPONSIBILITY 

The Rockwell International CEARP Manager is responsible for  the drilling and 
sampling program. 

The Subcontractor Site Manager is responsible for direct supervision of drilling 
and sampling. The Subcontractor Site Manager will report daily to the Rockwell In- 

ternational CEARP Manager on drilling and  sampling progress including any prob- 

lems encountered implementing the field program. 

The  Field Team Leader is responsible for supervision of drilling, verification 
of drilled depths, and approval of the Driller's daily logs. The Field Team Leader i s  

also responsible for sample collection, handling, and field screening. 
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T h e  Driller is responsible f o r  operating and maintaining the rig and auxiliary 

equipment, for  keeping a clean and safe working environment, and f o r  assisting the 

Field Team Leader with sampling. 

1.4. EQUIPMENT AND MATERIALS 

Drilling rig with auger, rotary tricone, and diamond coring systems 
Water truck 
Rod trailer 
Maintenance and access vehicles 
Miscellaneous d r i 11 ing equipment 
Volatile organic-f ree water 
Electric  well sounder 
Glass j a rs  and lids 
Labels 
Core boxes 
Plastic wrap 
Pipe wrenches 
R o c k  hammer 
Pocket kni fe  
Hand lens 
Tape measure divided in  tenths o f  a foot  
Dropper bottle o f  hydrochloric acid 
Protractor 
Marking pens and pencils 
Field notebook 
Log o f  boring form 

- .... z 

1.5. PROCEDURES 

1.5.1. Alluvial Wells 

Alluvial wells will be drilled with hollow stem augers where practical. 

Boulders in the Rocky  Flats  Alluvium may prohibit the use o f  hollow stem 

augers, in which case alternative drilling methods such as tricone rotary 

will be used. Sampling through surficial  materials will be performed by 

continuous sampling through the hollow stem augers (with split tube inner 

barrel) or by split spoon, depending on the materials. 

Alluvial weills will be drilled approximately one to three feet  into bedrock. 

They will be terminated after confirming the presence and lithology of 
bedrock. 
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(3). The hole diameter will be a minimum of four  inches. The use of hollow 
stem augers eliminates the need for drilling fluids; however, some volatile 

organic-free water may be used if hole stability is a problem. In no event 
will mud or foaming agents be used. 

1.5.2. Bedrock Wells 

(1) Bedrock wells will be augered and  rotary drilled through surficial materi- 
als and weathered bedrock as described above. 

(2) Upon penetration of unweathered bedrock, steel surface casing will be set 
and neat cement grout will be placed in the annulus through a tremie pipe 

or by pushing a plug of cement through the surface casing. The surface 
casing will be approximately 6 in. in diameter. 

(3) Grout will be neat Type I or Type I1 Portland cement, mixed with volatile 
organic-free water a t  a mix ratio of 6 to 9 gal. of water per 94-lb bag of 

cement. Grout will be allowed to set a t  least twenty-four hours before 
drilling resumes. 

(4) The hole will proceed through bedrock by rotary coring (size NX or 

larger), using bentonite mud, volatile organic-free water, air  mist (air and 

volatile organic-f ree water), or filtered air. 

(5) Drilling will progress into bedrock until a t  least 3 f t  of saturated sand- 
stone within a 10-ft interval of bedrock is encountered, or until the well is 

approximately 100 f t  deep. Wells may be drilled deeper than 100 f t  to 

fully penetrate a sandstone. 

(6) After drilling through sufficient sandstone thickness (as defined above), 

the hole will be cleaned and stabilized for  packer testing. 

(7) Geophysical logging may be performed in some holes after packer testing. 

(8) After packer testing and  geophysical logging are completed, the hole will 
be reamed, if necessary, to a minimum of 4 in. for  well installation. 
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1.5.3. SamDlinp and L o v i n g  

The Driller will provide either continuous samples from a split tube sam- 

pler, split-spoon samples, rotary cuttings, or NX core, depending on the 
drilling method. 

As drilling progresses, the Field Team Leader will confirm sample depths 

with the Driller, describe the samples, and field screen the sample for or- 

ganic or radioactive contamination. Descriptions and screening results will 

be recorded in the field notebook and on a log of boring form. The Field 

Team Leader will also note the depth a t  which groundwater is encoun- 

tered. 

Sample descriptions will include the following items as appropriate: 

- Borehole designation 
- Time and date 
- Interval footage and recovered footage 
- Name of unit and/or brief rock name 
- Characteristic structures of the unit 

- Lithologic description 
- Nature of contacts 
- Water content - Organic and radioactive field screening results. 

- Fossils 

Auger and rotary cuttings will be bottled in glass jars and labeled. Inter- 

vals designated for  chemical analyses will be placed in jars and stored on 

ice in coolers. These samples will be delivered to the onsite laboratory, if 

an onsite laboratory is used, within 3 hours of collection. 

Core continuous split tube samples, and split-spoon samples will be 

wrapped with clear plastic to prevent rapid drying and cracking and 

placed in NX or NC size core boxes as appropriate. Wooden blocks will be 

inserted in the boxes at  the beginning and end of runs to mark footages 

and will indicate lost core zones. Core boxes will be labeled and stored. 

The Driller will keep a daily log detailing footage drilled, material used, 

and stand-by time. The Field Team Leader will keep an independent 

record of drilling activities in the field notebook to verify the daily logs. 

One copy of the daily logs will be submitted to the Subcontractor Site 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Sampling Plan App. A, page 1-4 



2. MATERIALS DESCRIPTION 

2.1. PURPOSE 

To provide procedures for f ield descriptions o f  surficial and bedrock materi- 

als. 

2.2. RESPONSIBILITY 

T h e  Field Team Leader is responsible for  describing core and samples follow- 

ing this work procedure. 

2.3. EQUIPMENT AND MATERIALS 

Log o f  boring 
Field notebooks 
Clipboard 
Rulers 
Rock-color chart,  Geological Society o f  America 
Waterproof pens 
Colored pencils 
Protractor 
Hand lens 
Dropper bottle of hydrochloric acid 
Rock  hammer 
Grain-size chart jscale 

2.4. PROCEDURES 

(1) All surficial materials and bedrock samples will be described using the 

following sequence o f  parameters: 

Footage 
Sample type 
Percent recovery 
General material type 
Color 
Structural characteristics 
Grain sizes 
Composition of grains 
Degree of sorting 
Grain shapes 
Minor characteristics 
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6 Degree and nature o f  cementation 
- Moisture content 

Procedures f o r  describing each o f  these parameters are  presented below. 

Footage: Depth o f  sample interval. 

Sample Type: Continuous drive, cuttings, core, or split spoon. 

Percent Recovery: Percent o f  sample recovered from borehole. 

General Material Type: 

gravel, sand and gravel, shale, sandstone, or siltstone. 

Clay, clayey sand, sandy clay, Silt ,  sand, 

Color: Color o f  samples will be described by comparing samples 

with a standard color chart. Either a Munsel soil color chart or 
USGS standard color chart will be used. Colors will be described 

f rom moistened samples. Any color abbreviations shall follow those 

set by the standard color chart used. 

Structural Characteristics: This  parameter describes bedding and 

other primary features o f  the sample, including: nature o f  bedding 
(e.g., massive, tabular, lenticular, laminated, graded, or even); pri- 

mary features within beds or other structures (e.&, grading, lamina- 

tions, cross bedding, channeling, distorted Flow banding, and inclu- 

sions); and characteristic secondary features (e.g., cleavage, prsmi- 

nent weathering effects ,  and fracturing) (Compton 1962). 

Grain Size: Grain sizes will be classified according to the Went- 

worth scale (Dresser Atlas 1982). T h e  percentage o f  each grain size 

will be denoted by the following descriptive terms. 

Descriptive Term 
Trace 
Some 
Adjective (sandy, 
"And" 

Percentage 
1-10% 
10-20% 

silty, etc.) 20-35% 
3550% 

Composition of Grains: Composition o f  grains will be described by 

using the major or dominant grain component f irst ,  followed by 
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minor component percentages or the appropriate descriptive term 

(Compton 1962). 

(i) Degree of Sorting: The degree of sorting is a measure of particle 
size uniformity. It will be visually estimated in the field using 
sorting charts (Dresser Atlas 1982). 

(j) Grain Shapes (Roundness): Roundness is the degree of a clastic par- 

ticle abrasion and is reflected in the sharpness of its edges and cor- 
ners. Grain shapes will be determined visually in the field using 

grain shape charts (Dresser Atlas 1982). 

(k) Minor Characteristics: Minor and/or unusual characteristics of a 

sample will be noted in the description including weathering. 

(1) Degree and Nature of Cementation: The degree of cementation will 
be recorded as uncemented or unconsolidated, poorly cemented or 

consolidated, or well cemented, based on visual inspection. The na- 

ture of calcium carbonate will be determined based on the reaction 

of samples to dilute hydrochloric acid. The intensity of the hy- 

drochloric acid reaction will be described as no reaction, weak reac- 

tion, or strong reaction. 

(m) Moisture Content: A general qualitative description will be used to 

describe moisture content. 

Dry: No discernible moisture present. 

Damp: Enough moisture present to darken the color of the sample, 
but does not feel moist to the touch. 

Moist: Sample feels moist to the touch. 

Wet: Visible water is present. 

(2)  Geologic descriptions of core will follow the same procedures as outlined 
above. Additional records required for  core are: the cored (run) interval, 

the footage of recovered core and percent recovery, and  the Rock Quality 
Designation (RQD) of the cored interval. RQD is the percent of sound 

core recovered in pieces greater than four inches in length (Deere 1964). 
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2.5 RECORDS 

- Field Notebooks 
- Log of Boring 

2.6. REFERENCES 

Compton, R. R., 1962, Manual of Field Geology: John Wiley and Sons, Inc., New York, 
378 pp. 

Deere, D. U., 1964, Technical Description of Rock Cores for Engineering Purposes: 
Rock Mechanics and Engineering Geology, Vol. 1 ,  pp. 16-22. 

Dresser Atlas, 1982, Well Logging and Interpretation Techniques: Dresser Atlas, Inc., 228 
PP. 
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3. FIELD SCREENING FOR TOTAL ORGANIC COMPOUNDS IN SOIL SAMPLES 

3.1. PURPOSE 

To field screen soil samples for volatile organic compounds. 

3.2. RESPONSIBILITY 

The Field Team Leader is  responsible for field screening of samples following 

this work procedure. 

3.3. EQUIPMENT AND MATERIALS 

- Field notebooks 
- Log of boring 
- Adhesive labels 
- Waterproof pen - Sample bottles (500-ml amber glass) with lids 
- Photoionization detector (PID) 
- Organic vapor analyzer (OVA) 

3.4. PROCEDURES 

(1) Approximately 50 to 100 ml of soil will be placed in 500-ml amber 
glass jars, and an  equal amount of deionized water will be added to 

the jar. The jar will then be shaken and allowed to stand for  30 
minutes allowing organic compounds to volatilize. . 

(2) The sample jars will be labeled with the date, time, borehole number, 
sample depth, and Field Team Leader’s. 

(3) Field screening of the samples for  total organic vapor concentrations 
will be conducted using an  OVA and a PID. The instruments will be 

calibrated to the volatile organic compounds of concern a t  each site 

(Roffman et al. 1986). 

(4) The lid of the sample jar will be opened slightly and the probes of 
the instruments will be placed inside the jar. Values registered on 

each instrument will then be recorded in the field notebook. The 
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date-and time o f  the reading, the borehole number, and the sample 

depth will also be recorded in the field notebook and log o f  boring. 

3.5. RECORDS 

Field notebooks 
Logs o f  borings . 

3.6. REFERENCES 

Roffman,  H. K., M. B. Neptune, J. W. Harris, A. Carter, and T. Thomas, Field 
Screening for Organic Contaminants in Samples from Hazardous Waste Sites, 1986, 
Abstract from: Conference on Petroleum Hydrocarbons and Organic Chemicals in 
Groundwater-Prevention, Detection, and Restoration, Houston, Texas, 8 p. 
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4. LABELING AND STORAGE OF SAMPLES 

4.1. PURPOSE 

To provide procedures f o  
ples. 

4.2. DEFINITIONS 

labeling and t rage f boxed cores nd jarred sam- 

- Storage Facility: The location where boxed cores and/or jarred sam- 

ples will be stored without freezing. 

4.3. RESPONSIBILITY 

The Field Team Leader is responsible for  labeling and storage of all samples. 

4.4. EQUIPMENT AND MATERIALS 

- Labeling Pens 
- Adhesive Labels 
- Inventory Sheets 
- Field Notebook 

4.5. PROCEDURES 

(1) Label core boxes and  sample jars in the field as samples are collected. All 

samples will be labeled with 

(a) location 
(b) borehole designation 
(c) date 
(d) depth 
(e) box or jar number 
(f)  total number of boxes or jars for  the borehole 
(g) Field Team Leader initials 

Check that all information is correct before leaving the field with samples. 

(2) Transport samples to storage facility. 
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5. DECONTAMINATION OF DRILLING, TESTING, AND SAMPLING EQUIPMENT 

5.1. PURPOSE 

T o  provide procedures f o r  equipment decontamination. 

5.2. DEFINITIONS 

Equipment: Augers, drill pipe, bits, sampling devices, tools, tremie pipe, pack- 

ers, water pipe, geophysical logging equipment, casing, electric well sounders, pumps, 

and all  other miscellaneous equipment used in drilling, sampling, testing, logging, in- 

stalling, and developing monitor wells. 

Decontamination: Decontamination is the process o f  cleaning equipment to 

avoid transport o f  contamination. 

5.3, RESPONSIBILITY 

T h e  Field Team Leader is responsible for  supervising and approving the de- 

contamination cleaning o f  equipment. 

T h e  Driller i s  responsible f o r  cleaning al l  drilling, sampling and well construc- 

tion equipment and assisting the geophysicist in  cleaning geophysical probes and ca- 

bles. 

5.4. EQUIPMENT AND MATERIALS 

- Portable Steam Cleaner 
- Brushes and Buckets 
- Organic-f ree Water 
- Alkaline Detergent 

5.5. PROCEDURES 

5.5.1. Drilling and Well Installation EouiDment 

(1) Decontaminate all  drilling equipment before starting the f irst  borehole. 
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Upon termination o f  a borehole, decontaminate al l  drilling, packer testing, 

and geophysical logging equipment as well as stainless steel well casing 
and screen. 

Decontamination will include: 

(a) a rinse with the steam cleaner using organic-free water; 

(b) scrubbing with brushes using a solution o f  organic-free water and 
a n  alkaline detergent; and 

(c) a f ina l  rinse with the steam cleaner using organic-free water. 
Cover drilling equipment with a clean sheet o f  plastic a f t e r  i t  is decontam- 

inated. InstaIl web casing and screen in the borehole. 

Decontaminate all  equipment and tools used in well installation. 

Before moving to the next drill site, decontaminate the wireline cable by 

pulling i t  o f f  the drum to the appropriate length. Also decontaminate the 

rig table and mast. 

5.5.2. SarnDlinP EauiDment 

Decontaminate all sampling equipment before collecting the f irst  sample 

and a f t e r  each sample collected. 

Decontamination will include: 

(a) scrubbing with brushes using a solution o f  organic-free water and an 
alkaline detergent; and 

(b) a rinse with organic-free water (a steam cleaner may be used). 

Decontaminate the electric well sounder probe and cable before and a f t e r  

measuring water levels. 

Decontaminate pumps and pump line exteriors before and a f t e r  pumping a 
monitor well. Decontaminate the internal system o f  pumps and tubing by 

pumping a t  least 1 tubing volume o f  organic f ree  water through the pump. 
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6. PACKER TESTING 

6.1 PURPOSE 

To provide information for  executing and analyzing packer tests. 

6.2. DEFINITIONS 

Packer Tests: Packer tests are  performed in cored sections of open boreholes to 

isolate and test the hydraulic conductivity of selected zones. The selected zone is 

sealed with packers and water is injected into the formation under constant pressure. 

The flow rate and water pressure in the test section is then compared to the hydraulic 

conductivity of the material (DO1 1980). 

Packer: A packer is a pneumatically inflatable rubber gland which is used to 

seal a section of the borehole against leakage so that water pressure can be applied to 
the test section. Single or paired "straddle" packers will be used to isolate test zones 

(US. DO1 1980). 

6.3. RESPONSIBILITY 

The Subcontractor Site Manager is responsible for determining the borehole in- 

tervals to be tested. The test intervals will be approved by the Rockwell International 

CEARP Manager prior to the packer tests. 

The Field Team- Leader is responsible for  supervising packer tests, recording 

all data, and  analyzing data. 

The Driller is responsible for  performing packer tests. 

6.4. EQUIPMENT AND MATERIALS 

- Organic-free water supply - Packer assembly 
- Pressure gauge assembly 
- Flow metering device - Nitrogen supply and associated connections 
- Watch - Lithologic log of borehole being tested 
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- Tape measure divided in tenths o f  fee t  
- Packer test data sheets 
- Field notebook 

6.5. PROCEDURES (DO1 1980) 

6.5.1. Test  Procedures 

(1) Record  background information at the top o f  the packer test data sheet. 

(2) Remove the core barrel and other tools from the hole. 

(3) Set the packers a t  the prescribed depth and inflate to at  least 70 psi above 
hydrostatic pressure. 

(4) Fi l l  the test section with water and adjust the water pressure so the com- 
bined static plus gauge pressure does not exceed approximately one-third 

of the overburden pressure a t  the top o f  the test section. Use an overbur- 

den pressure of  1 psi/ft. 

(5) Observe any leaks in  the packer assembly or the packer seal and reseat the 

assembly as necessary. 

(6) Record the flow rate o f  water into the hole in gallons per minute a t  equal 
intervals until steady XPrdiRgS are  achieved (at least 15 minutes). 

(7) Repeat the test twice more in the same test interval, f irst  a t  a combined 
pressure head o f  approximately two-thirds the overburden pressure, and 

then again a t  a combined pressure head of approximately one-third the 
overburden pressure. T h e  same data recording and time intervals de- 

scribed above should be used. 

6.5.2. Data Analvses Procedures - 

Data analyses will be performed by the Field Team Leader as the tests are per- 

formed to assure reasonable results. Calculations will be verified in the off ice.  
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The formula for calculating hydraulic conductivity from packer test data is 

where 

K = Hydraulic conductivity (ft/min), 
Q = Injection rate (feet /min), 
L = Length of test section (ft), 
H = Differential head of water (ft), 

3 

= Distance from the water table to the gage plus gage pressure for 
test intervals below the water table, 

= distance from the center of the test interval to the gage plus 
gage pressure for  test intervals above the water table, 

r = Radius of borehole (ft), 
In = Natural  logarithm, and 
PI = 3.141592. 

6.6. RECORDS 

- Packer test data sheet - Field notebook 

6.7. REFERENCES 

Department of  the Interior, Bureau of Reclamation, 1974, Earth 
Resources Technical Publication, US G C I V W R ~ ~ R ~  Printing Off ice, 

'anual - A U'ater' 
10 p. 
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7. GEOPHYSICAL LOGGING 

tional CEARP Manager prior to logging. 

The Field Team Leader is responsible for  assisting the Geop; 

7.1. PURPOSE I 

To provide procedures for geophysical logging of deep borehdles. 

7.2. DEFINITIONS I 
Geophysical Logging: Logging is a remote sensing techniq e that uses tools 

lowered into drill holes to evaluate properties of surrounding me ia. The logging 

suite will include spontaneous potential, single-point resistance, 16-in. resistivity, and 

natural gamma ray. r 
Geophysicist: The company providing logging equipment nd personnel for 

geophysical logging. 

7.3. RESPONSIBILITY I 

The Subcontractor Site Manager is responsible for selecting t boreholes to be 

geophysically logged. Borehole selections will be approved by the Interna- 

7.4. EQUIPMENT AND MATERIALS 

Appropriate equipment for  geophysical logging, data acquj 

recording will be provided by the Geophysicist. 

7.5. PROCEDURES 

(1) Decontaminate the geophysical logging probe and cables. 

ysicist as neces- 

1oles. 

ition, and data 
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(2) Record all pertinent well data at the top of the geophysical log or in the 
field notebook (as determined by the Geophysicist). 

(3) Center the probe over the open borehole and mark zero at ground surface. 

(4) Lower the probe into the hole. Scales will be adjusted by the Geophysicist 
a t  this time. 

(5) Note total logging depth when the probe reaches the bottom of the hole. 

(6) Pull the probe out of the hole at  a constant speed while recording geophys- 
ical logs. 

(7) The Field Team Leader will record the date and time of the Geophysicist’s 
arrival and departure from the borehole as well as the borehole des- 

ignation and the logging site. The Field Team Leader will also observe 

geophysical logging and record any pertinent observations in the field 

notebook. 

(8) Copies of all well logs will be delivered to the Subcontractor Site Manager 
and the Rockwell International CEARP Manager as soon as they are put in 

final form by the Geophysicist. 

7,6, RECORDS 

- Field notebook 
- Geophysical logs 
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8. WELL INSTALLATION 

8.1. PURPOSE 

To provide procedures for  monitor well construction and installation. 

8.2. DEFINITIONS 

Monitor Well: Two-inch well designed for monitoring water levels and 
groundwater quality. 

Alluvial Well: Monitor well completed in  surficial materials (Rocky Flats Al- 
luvium, colluvium, or valley fill alluvium). 

Bedrock Well: Monitor well completed in saturated sandstone of the Arapahoe 

or Laramie Formations. 

Piezometers: Two-inch well completed in claystone of the Arapahoe or 

Laramie Formations for monitoring water levels. 

8.3. RESPONSIBILITIES 

The Subcontractor Site Manager is responsible for  selecting completion 

intervals and  well designs. Completion intervals and  well designs will be approved by 

the Rockwell International CEARP Manager prior to well construction. 

The Field Team Leader is responsible €or supervision and documentation of  

well completions. 

The Driller will assemble and install all materials. 

8.4. EQUIPMENT AND MATERIALS 

- Schedule 5 Type 316 stainless steel casing 
- Schedule 5 Type 316 stainless steel wire wrap screen 
- Type 316 stainless steel centralizers 
- Bentonite pellets 
- Appropriate filter pack - Neat Type I or  I1 Portland cement 
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Concrete mix 
Organic-f ree water 
Five-gallon buckets 
Tremie pipe 
Hoses and pump 
Shovel 
Trowel 
Protective surface casing 
Padlock 
100-ft tape measure divided in tenths of a foot with a weight on the 
end 
Electric well sounder 
Well construction summary data sheets 
Field notebook 

8.5. PROCEDURES 

(1) Pull all augers and drill pipe from borehole. 

problem, the wells may be completed inside the hollow stem augers. 

(2) Decontaminate drilling equipment and casing. 

(3) Measure depth to water and design well construction. 

If borehole stability is a 

Alluvial Wells. The screened interval in alluvial wells will extend from 

approximately 1 f t  below the top of bedrock to 2 to 5 f t  above the water 

table. A filter pack designed for the grain size of the formation will be 

placed around the screened interval and will not extend more than 2 f t  

above the top of the screened interval. A I-ft-thick bentonite seal will be 

placed above the filter pack, and the annulus will be tremie grouted with 

neat Portland Type I or 11 cement to the surface. Cement may be poured 

from the surface if the cemented interval is within 5 f t  of the surface. A 

locking steel protective casing will be placed over the well, and a concrete 

surface pad, approximately 3 f t  in diameter, will be poured around the 

surface casing. The pad will be sloped so as to drain away from the well. 

Bedrock Wells. Bedrock monitor wells will be screened across the entire 

interval of saturated sandstone with a minimum screened interval of 5 ft. 

Filter pack, bentonite, cement grout, protective casing, and a concrete pad 

will be placed as described above. 
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Piezometers. Deep boreholes which do not encounter sufficient sandstone 

thickness after drilling through 70 f t  of claystone with an average h y -  

draulic conductivity of 5 x centimeters per second will be completed 
as piezometers with two-inch, Schedule 80, threaded and flush jointed, 

polyvinylchloride (PVC) casing. Ten f t  of machine slotted casing will be 

placed at  the base of the casing string. The remainder of the well comple- 

tion will be as discussed above for  alluvial monitor wells. 

(4) Calculate the amount of filter pack, bentonite, and cement that will be re- 
quired for  well construction. 

(5) Weld end cap on the bottom of the well screen with a stainless steel weld- 
ing rod, and thread the casing string together. 

(6) Place centralizer in the center of the screened interval, and determine its 
location on the casing string to the nearest 1/100th foot. 

(7) Measure the length of the screened interval and the blank casing to the 

nearest 1/100th f t .  

(8) Measure total depth of the open borehole. If the bottom of the borehole is 

below the base of the screen, backfill i t  with bentonite pellets or tremie 

cement grout to the base of the screen. If the open borehole is backfilled 

with grout, allow i t  to set for  24 hours before well completion. Measure 

total depth of the open borehole again. 

(9) Place casing string in open borehole. Place slip-on cap on top of the casing 
string. Measure stick up to determine total well depth. Check well design 

for  correct total depth. 

(10) Slowly pour fi l ter  pack into borehole annulus, making sure i t  is evenly dis- 
tributed around the well casing. Gently shake the casing as filter pack is 

added to avoid bridging of the filter pack. Measure depth to the top of 

the fi l ter  pack af ter  each bag is added. Make more frequent measurements 

as filter pack approaches the top of the screened interval. 
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( 1 1 )  Record the f ina l  depth to the top o f  the filter pack on well construction 
summary sheet. Record amount o f  f i l ter  pack used in the field notebook. 

(12) Pour bentonite pellets into borehole annulus, making sure they are  evenly 
distributed around the well casing. 

(13) Measure depth t o  the top of the bentonite seal and record on well con- 

struction summary sheet. Record amount o f  bentonite used in the f ield 

note book. 

(14) I f  the bentonite pellets are above the water table,  add 1 to 2 gal. o f  or- 

ganic-free water to the hole. Allow the bentonite to swell f o r  approxi- 

mately 15 minutes before grouting to the surface. 

(15) Mix neat Type I or I1 Portland cement (as directed by the Subcontractor 
Site Manager) a t  a mix  ratio of 6 to 9 gal. of water per 94-lb bag o f  ce- 

ment. 

(16) Place tremie pipe in borehole annulus and attach appropriate hoses and 

pump. 

(17) Rump grout down borehole annulus. Pour grout f rom the surface i f  the 

cemented interval is within 5 f t  of the surface. Record amount of  cement 

used in f i e ld  notebook. 

(18) Measure f ina l  stick-up of well casing and record on well construction 

summary sheet. 

(19) Set protective surface casing over stainless steel well casing. 

(20) Allow grout to set f o r  24 hr. 

(21) Place f o r m  f o r  concrete surface pad around well casing. 

(22) Mix concrete and pour surface pad around well casing. 

f rom the well with a trowel. 

Slope pad away 

(23) Weld well number on protective surface casing. 
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9. WELL DEVELOPMENT 

9.1. PURPOSE 

To provide procedures for  well development. 

9.2. DEFINITIONS 

Well Development: Well development is the process by which fines from the 

formation and/or filter pack are removed from the vicinity of the well bore in order 

to increase the efficiency of the well (UOP Johnson Division 1975). 

9.3. RESPONSIBILITY 

The Subcontractor Site Manager is responsible for determining which method 
of development will be used. Well development methods will be approved by the 

Rockwell International CEARP Manager prior to well development. 

The Field Team Leader is responsible for well development. 

The Driller will be responsible for  supplying an  air  compressor with a n  air fil- 
ter if the well is developed by the air  l if t  method. 

9.4. EQUIPMENT AND MATERIALS 

. -  

- 

*NOTE: 

selected. 

Electric well sounder 
Tape measure calibrated in tenths of feet 
Stainless steel pump* 
Air compressor* 
Tef Ion bailer* 
Bailer rope* 
PVC drop pipe* 
Gasoline powered generator* 
One liter beaker 
Watch 
Calculator 
Well development summary sheets 
Field notebook 

The use of these materials will depend on the method of well development 
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9.5. PROCED-URES 

The well will be developed by pumping, bailing, or air-lifting. Pumping is the 
preferred method of well development and will be used wherever possible. Air-lifting 

is less desirable because the potentia1 exists for oils from the air compressor to enter 

the wells, but may be necessary to adequately stress the wells. An air  f i l ter  will be 

used if air-lifting is necessary. Bailing is not an  efficient method of well develop- 

ment because of the low flow rates induced by bailing. Bailing will only be done in 

the event of pump failure and  to  remove sediments in the bottom of the casing. 

(1 )  Decontaminate all equipment prior to well development. 

(2) Measure the water level in the well. 

(3) Record the water level on the water level data sheet. Record the date, 

time, well, and development methods on the well development summary 

sheet. 

9.5.1. Pumaing 

Well development by pumping will be accomplished by means of a two-inch 

stainless steel piston pump. The pump will be lowered to approximately 1 f t  above 

the bottom of the well. The  well will then be pumped until ten casing volumes of 

water Rave been removed from the well, until the well water is clear, or until 4 h 
have elapsed. The pump will be raised 2 f t  a t  periodic intervals until the entire 

screened interval is developed. 

9.5.2. Air Lifting 

Well development by a i r  lifting will be accomplished by using a n  a i r  compres- 
sor and  1-in. PVC air  line. An air  f i l ter  will be attached to the air  line from the air  

compressor to prevent the introduction of compressor oils or other foreign materials 

into the well, 

The I-in. PVC air  line will be lowered until within approximately 2 f t  of the 

bottom of the well. The  air  line f rom the air  compressor will then be attached to the 

top section of PVC pipe. The well will then be developed by the introduction of 
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compressed air  into the well for  approximately fifteen minutes, or until a column of 

water is removed from the well. The well will then be allowed to recover and an- 

other column of water discharged to the surface. This process will be repeated until 
10 casing volumes of water have been removed from the well, until the produced wa- 

ter is clear, or until 4 h have elapsed. At periodic intervals, the air line will be raised 

2 f t  until the entire screened interval is developed. 

9.5.3. Bailing 

Well development by bailing will be accomplished using a Teflon bailer and 

small diameter polypropylene bailing rope. Water, formation and/or filter pack mate- 

rials will be removed from the well by bailing until 10 casing volumes of water have 

been removed from the well, until the well water is clear, or until 4 h have elapsed. 

The bailing rope will be discarded following well development. 

9.6. RECORDS 

- Well development summary sheets 
- Field notebook 

9.7. REFERENCES 

Johnson, E. E., Inc., Groundwater and Wells - A Reference Book f o r  the Water-JVell 
Industry,  1980, Johnson Division, UOP, Inc., Saint Paul, Minnesota, 440 p. 
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10. DRAWDOWN RECOVERY TESTS 

10.1. PURPOSE 

To provide procedures for executing and analyzing drawdown-recovery tests. 

10.2. DEFINITIONS 

Pumping Well: A monitor well which will be pumped during the drawdown 

phase of the test. 

Observation Well(s): A monitor well(s) or piezometer(s) located in the vicinity 

of the pumping well in which water levels will be measured for the duration of the 

drawdown-recovery test. 

Drawdown: Drawdown is the lowered water level in either the pumping well 

or observation well(s) in response to pumping. 

Recovery: Recovery is the water level response in either the pumping well or 

observation well(s) in which the depth to water is decreasing in response to cessation 

of pumping. 

Transmissivity: Transmissivity is the rate a t  which water is transmitted 

through a unit  width of the ful l  saturated thickness of a subsurface material, under a 

unit hydraulic gradient (Freeze and Cherry 1979). 

Storage Coefficient: The storage coefficient of a confined porous media i s  the 

volume of water released from storage, or taken into storage, per unit change in hy- 

draulic head (Freeze and  Cherry 1979). 

Specific Yield: Specific yield is the volume of water that an  unconfined 

porous medium releases from-storage per unit volume of materiai per unit decline in 
the water level (Freeze and Cherry 1979). 
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10.3. RESPONSIBILITY 

T h e  Field Team Leader is responsible f o r  supervising drawdown-recovery tests, 

measuring water levels in the pumping well and observation well(s), and determining 

f low rates Prom the pumping well. 

10.4 EQUIPMENT AND MATERIALS 

Stainless steel piston pump 
Air compressor to drive pump 
Elec t r i c  well sounder 
Tape  measure calibrated in tenths o f  fee t  
F i v e  gallon bucket 
Watch 
Drawdown-recovery test data sheets 
Field notebook 

10.5. PROCEDURES 

10.5.1. Test  Procedures 

Decontaminate all equipment before beginning test. 

Measure static water levels in pumping well and observation wells. 

Lower 2-in. piston pump to within approximately 1 f t  o f  the bottom of 

%Re well. 

Measure the static water level again and commence pumping. 

Continue pumping a t  a constant discharge rate f o r  up to 8 h (for tests 

where observation wells are available) or  up to 4 h (for single hole tests), 

or until  the rate o f  drawdown assumes a near constant rate o f  0.25 f t  o f  

drawdown in 1 h. 

Measure water levels a t  frequent time intervals with a n  electric well 

sounder i n  the pumping well and nearby observation wells (if available). 

Water levels shall be measured a t  0.5, 1, 1.5, 2.3, 3.5, 10, 20, 30 and 45 

minutes, followed by measurements a t  1 ,  1.5, 2, 3, 4, 5, 6, 7, and 9 hours. 
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(7.) Measure pumping rates with a 5-gal. bucket and watch, or with a flow 
meter. 

(8) Record water levels and pumping rates on the drawdown-recovery test 
data sheets. 

(9) Calculate water level equivalent to 90% recovery of the static water level. 

(IO) Following pumping, measure water levels in the pumped well and the 
observation well(s) following the schedule in item 6, until they recover to 

within 9Ooh of the static water level. 

(1 1) Record these data on the drawdown-recovery tests data sheets. 

10.5.2. Data Analvsis Procedures 

Data will be analyzed by the Theis method for  confined flow-systems (Jacob 

1950). Modifications to the Theis equations will be used to analyze data from uncon- 
fined systems and to analyze recovery data as discussed below. If drawdown and/or 

recovery data are available for a nearby observation well, both transmissivity and the 

storage coefficient or specific yield will be calculated. If only data f rom the pumped 

well is avaiIable, transmissivity will be calculated and the storage coefficient will be 

estimated based on laboratory effective porosity tests. 

The Theis equation is of the form 

where 

1.87r2S 
= and 

4T t 

U 2 u  a 
W(u) = (-0.5772 - ln(u) + u - ------ + ------ ..e) % 

2x2! 3x3! 
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and where 

s 
Q 
S = storage coefficient, dimensionless, 
T = transmissivity in gallons per day per foot, 
r 
t = time in  days (Freeze and Cherry 1979). 

= drawdown in feet  at  an observation well due to pumpage from a given well, 
= purnpage from the pumping well in gallons per minute, 

= radian distance in feet from the pumping well to the observation well, and 

The following limiting assumptions apply to the Theis equation: transmissivity 

of the porous media is constant in time and space, the porous media is isotropic and 
homogeneous with respect to transmissivity, the media is infinite in areal extent, 

there is no leakage from overlying or underlying units, there is only a single pumping 

well, the pumping rate is  constant with time, and wells penetrate the entire thickness 

of the porous media (Freeze and Cherry 1979). 

For unconfined groundwater flow systems, specific yield (Sy) is used in place 

of storage coefficient (S), and transmissivity is defined as 

T = K b ,  

where 

K = hydraulic conductivity in gallons per day per foot squared, and 

b = the initial saturated thickness. 

Jacob (1950) has shown that this approach is acceptable as long as drawdowns 

are small compared to the saturated thickness. 

To calculate transmissivity and storage coefficient (or specific yield) from re- 

covery data, the Theis equations will be used in the form 

where 
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and where 

t = time in days since the start of pumping, and 
t’ = time in days since recovery began (Freeze and Cherry 1979). 

10.6. RECORDS 

- Aquifer test data sheets 
- Field notebook 

10.7. REFERENCES 

Freeze, R.A. and J.A. Cherry, 1979, Groundwater. Prentice Hall, Znc., Englewood 
Cliffs, New Jersey, 524 pp. 

Jacob, C.E., 1950, Flow o f  Groundwater: Engineering Hydraulics, John Wiley and Sons, 
New York, pp. 321-386. 
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11.1. PURPOSE 

To provide rocedures f o  

11. WELL PURGING 

well purging. 

11.2. DEFINITIONS 

Casing Volume: The casing volume is the volume of water standing inside the 

casing, Le., the distance between the water level and the bottom of  the casing (length 

of the water column in the well) multiplied by the inner cross-sectional area of  thc 

casing. 

Well Purging: Purging is the removal of sufficient water from the well so t h a t  

representative formation waters enter the well and can be sampled. Purging will con- 

sist of removing three casing volumes. 

11.3. RESPONSIBILITY 

The Subcontractor Site Manager is responsible for  selecting well purging meth- 

ods. Well purging methods will be approved by the Rockwell International CEARP 
Manager prior to purging. 

The Field Team Leader is responsible for  purging wells prior to sampling. 

11.4. EQUIPMENT AND MATERIALS 

Wells will be purged using dedicated bladder pumps, dedicated Teflon bailers, 

or portable sampling pumps. Because of the various purging methods, some or all of 
the following equipment will be needed. 

- Bladder pump 
- Oil-less air  compressor 
- Stainless steel piston pump 
- Polypropylene rope 
- Large container of known volume 
- Deionized water 
- Watch 
- Calculator 
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- Pencil - Field Water Quality Data Sheet 
- Field notebook 

11.5. PROCEDURES 

11.5.1. Calculations 

(1) Calculate the casing volume using the formula 

Casing volume (gallons) = (TD - WL) * (A), 

where 

TD - - 
WL = depth to water from ground surface (ft), 
A - - cross sectional area of the well (gallons/ft), 

total depth of the well from ground surface (ft), 

= 
= - 
- - 

0.163 for a 2-in. well, 
0.367 for a 3-in. well, 
0.652 for a 4-in. well, and 
1.468 €or a 6-in. well. 

Note that total depth and depth to water must be measured from the same da- 
tum. The total depth of the casing is usually reported as depth below ground surface 

a n d  the depth to water is measured From the tog of the inner casing. In order to cor- 

rect the depth to water measurement, subtract the height of casing above ground from 
the depth to water measured from the top of casing. 

(2) Multiply the casing volume by three. This is the volume of water to be 

purged. 

(3) Record calculations in the field notebook and on Field Water Quality 

Data Sheet. 

11.5.2. Purging 

Remove three casing volumes of water from the well using the pump, the dedi- 
cated Teflon bailer, or the portable sampling pump. Regardless of the methods used 

to purge the well, record the total volume purged and the time when purging begins 

and ends. 
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Dedicated PumD Svstem. The dedicated pump system will consist of an air-ac- 

tuated bladder pump with downward flow checking valves on the inlet to the inside 

of the bladder and on the tubing above the outlet from the inside of the bladder. Air 

is delivered to the outside of the bladder and pressure is maintained long enough that 

the bladder is compressed and water inside i t  is forced into the discharge tubing. Wa- 

ter is kept f rom exiting the bottom of the pump by the lower check valve. The air 
pressure is vented to surface through the same pressurizing tube (requiring a time de- 

pendent on length of tubing, required air  pressure, and depth of submergence of  the 

pump). Water forced into the discharge tubing is held by the upper check valve. The 
cycle is repeated until discharge reaches the surface and purging begins. Because of 

this pumping mechanism, the discharge is delivered to the surface in cyclic slugs, but 
the pressurizing air  is never in contact with the wader. 

The upper check valve has a small-diameter bypass so that water in the dis- 

charge tubing will drain back into well and not freeze. 

(1) Attach compressor to Pump Pressure Inlet on controller (use oil-less com- 
pressor to protect pneumatic logic components inside controller). 

(2) Connect red air  hose between well cap and Pump Supply on controller. 

(3) Position Refill and Discharge knobs to center position (12 o’clock) and 

start compressor. Record the time at  the start of pumping in the field 

notebook. 

(4) Set gas pressure level to a pressure sufficient to l if t  the column of water 
in the discharge tubing plus 30 psi, but do not exceed 125 psi total. 

(5) Adjust Discharge knob so that venting occurs a t  the end of the slug dis- 

charge. 

(6) Decrease Refill cycle time until volume discharged in each cycle begins to 
decrease. If decrease is immediate, lengthen both Refill and Discharge cy- 

cle times and repeat steps 5 and 6. 

(7) Measure volume produced in a container of known volume (e.g., plastic 

trash can or plastic bucket). 
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(8) Continue pumping until the appropriate volume has been purged. Record 
time a t  end of pumping as well as the total volume pumped in the field 

notebook and on the Field Water Quality Data Sheet. 

(9) Measure and record water level a t  the end of pumping. 

Bailing 

(1) Put on surgical gloves. New cotton gloves may be worn over the surgical 
gloves if desired. 

(2) Place a sheet of plastic over the casing. Cut a hole in  the plastic for the 

casing and spread sheet on ground around the well. The plastic and 

equipment should be arranged in such a manner to enable the samplers to 

do all work while standing on the plastic. 

(3) Attach new polypropylene rope to bailer inspect the check valve, top bail, 
knot, and  rope. Do not allow bailer or rope to contact anything but clean 

plastic. If any components are loose or damaged, replace them. 

Decontaminate equipment if any new parts are used. 

(4) Lower bailer into well, fill with water, and hoist to surface, coiling the 

rope into the hands. 

(5) Empty bailer into a Container of known volume (e.g., 5-gal. bucket). 

(6) Continue bailing until appropriate volume has been purged, as determined 
by volume in container. 

(7) Record volume purged in the field notebook and on Field Water Quality 
Data Sheet. 

Portable PumD 

(1) Decontaminate the pump and sufficient tubing by scrubbing with a n  al- 
alkaline detergent solution followed by a deionized water rinse. Pump a t  

least one tubing volume of deionized water through the pump. 
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(2) Place decontaminated pump approximately I f t  above the bottom of  t h e  

well. 

(3) Place up-hole end of the discharge line in container of known volume (e.g., 

plastic trash can or 5-gal. bucket). 

(4) Connect compressor to pump controller. 

(5) Turn on compressor and pump appropriate volume as measured in  con- 

tainer. 

(6) Record purged volume on the Field Water Quality Sheet. 

(7) After collecting the sample, decontaminate pump by scrubbing all tubing 

that has been pulled off the reel and the pump itself with an alkaline de- 

tergent solution and rinsing with deionized water. Pump at  least one tub- 

ing volume of deionized water through the pump. 

11.6. RECORDS 

- Field water quality sampling and  analysis form 
- Field notebook 

11.7. REFERENCES 

US. Environmental Protection Agency, 1986, Hazardous Waste Groundwater Task Force 
Protocol for Groundwater Evaluation, Office of' Solid Waste and Emergency 
Response, Washington, D.C., DIR 9080.0-1. 
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12. GROUNDWATER SAMPLING 

12.1. PURPOSE 

To provide procedures for groundwater sample collection. 

12.2. RESPONSIBILITIES 

The Subcontractor Site Manager is responsible for  assigning specific wells to be 

sampled. The sampling schedule will be approved by the Rockwell International 

CEARP Manager prior to implementation. 

The Field Team Leader is responsible for  sampling monitor wells, field water 

quality measurements, and transportation of samples to the onsite laboratory. 

12.3. EQUIPMENT AND MATERIALS 

- Sample bottles provided by on-site laboratory 
- Thermometer inscribed in degrees Centigrade 
- pH meter 
- Portable electrical conductivity meter 
- Field notebook 

12.4. PROCEDURE 

(1) Pick up sample bottles, cooler, blue ice packs, sample labels, and chain-of- 
. custody form a t  the laboratory. 

(2) Pre-label bottles before leaving the laboratory. Place sample bottles on ice. 

(3) Produce the sample with the same device used to purge the well. 

(4) Collect the sample immediately af ter  purging if possible. If the well is es- 

sentially dry  af ter  pumping, measure the water level in the well on a peri- 

odic basis (approximately every three hours). Collect the volatile organic 
samples within three hours of purging. Collect the rest of the samples as 

soon as there is sufficient volume in the well to sample as soon as there is 

sufficient volume in the well to fill the sample bottles (approximately 4 
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gallons). Attempt to collect a n  aliquot for f ield tests and laboratory analy- 

sis (in that order) 24 hours a f ter  purging even if there is insufficient  wa- 

ter in the well to f i l l  al l  sample bottles. 

Produce suf f i c ient  sample f o r  performance o f  four f ield water quality 

tests (two 500 millil iter beakers - one f o r  temperature and conductivity 

and one for pH). Perform one f ield water quality test before sampling, 

two during sampling, and one a f t e r  sampling following procedures in this 

document. 

R inse  each bottle with formation water directly f r o m  the pump discharge 

or bailer. Fill the bottle about one-quarter fu l l ,  cap the bottles, and rinse 

both bottle and cap with a swirling motion. Discard rinse water. Immedi- 

ately f i l l  bottle with sample, cap, complete label, rinse bottle exterior with 

deionized water, place in plastic bag, and return bottle to cooler. Remove 

only one bottle f rom the cooler a t  a time f o r  filling. 

A f t e r  rinsing the volatile organics vials and caps with sample, f i l l  each 

vial to overflowing with sample. Carefully place the cap on the vial so 

that air is not captured, and tighten. Invert the vial and tap lightly. I f  

bubbles are  observed, repeat the process. 

Record time o f  sampling on Field Water Quality Sheet and in  f ield note- 

book. Also note weather conditions and any  other observations (e.g.$ insuf- 

f icient  sample to fill all bottles, bottles broken, etc.). 

Complete chain-of-custody f o r m  and indicate analyses to be performed in 

the laboratory. 

(IO) Deliver samples to the on-site laboratory within 3 hours o f  collection for 
f i l tration and/or preservation o f  appropriate bottles. 

12.5. RECORDS 

- Field water quality and analysis sampling form 
- Fie ld  notebook 
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13. FIELD MEASUREMENTS 

13.1. PURPOSE 

To provide procedures for  field measurements made at  the site of monitor 
wells and surface water stations. 

13.2. DEFINITIONS 

\ Field Measurements: These measurements consist of temperature, pH, conduc- 
tivity, dissolved oxygen, organic vapors, and qualitative observations of color and 

odor. 

13.3. RESPONSIBILITY 

The Field Team Leader is responsible for measurement of field parameters. 

13.4. EQUIPMENT AND MATERIALS 

The equipment used for  field measurements has been selected based on proven 

durability in field applications; however, field equipment is still rather fragile. 

Equipment should be kept spotlessly clean a t  all times and  protected from tempera- 

ture extremes. Conductivity meters and pH meters will be calibrated daily following 

the manufacturers’ instructions. All other instruments will be calibrated weekly. 

Each instrument will have its own calibration log book, and all calibrations will be 

documented. The following equipment is normally used: 

Thermometer inscribed in degrees Centigrade 
pH Meter - with calibration buffer solutions 
Portable electrical conductivity meter - with calibration 
Standard solutions 
Photoionization Detector (PID) 
Organic Vapor Analyzer (OVA) 
Deionized water 
Pencil 
Field Water Quality Sheets 
Field notebook 
Calibration notebooks 
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13.5. PROCEDURE 

13.5.1. TemDerature Measurement 

Immerse the thermometer bulb in a beaker fil led with sample. Make the mea- 

surement immediately af ter  sampling so that the temperature will not have time to 

change. Read the thermometer while i t  is still immersed, to the nearest degree Centi- 

grade, and record the reading in the field notebook and on the Field Water Quality 

Data Sheet. Rinse the thermometer with deionized water and put i t  away. 

Calibrate the thermometer on a weekly basis against a National Bureau of  

Standards certified thermometer. Document calibrations in the calibration log book. 

13.5.2 p H  Measurement WWR Scientific 19761 

Turn on meter. 

Check battery. 

Place partially fil led 50-milliliter beakers containing pH 4 and pH 7 

buffer  solutions into a water bath (well water) to maintain the tempera- 

ture of the buffers as close as possible to the temperature o f  the well wa- 

ter. The water bath will need to be refilled periodically with water re- 

moved from the well. 

Remove boot from electrode. 

Rinse electrode with deionized water. Be sure any salts are removed. 

Immerse bulb in pH 7 buffer. 

Adjust using calibration knob to read 7. 

Rinse electrode with deionized water. 

Immerse bulb in pH 4 buffer. 

Adjust using temperature knob to read 4 (this is a span adjustment and not 

a true temperature correction). 
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(11) Measure the temperature of the buffers using a thermometer, following the 
procedures described previously. Be sure to rinse the thermometer with 
deionized water between solutions. 

(12) Collect some sampie in a beaker (rinse the beaker with sample). 

(13) Rinse the thermometer with deionized water, and measure the temperature 
of the sample. If the buffer solutions are not a t  the same temperature as 

the samples, put fresh formation water in the water bath, allow time for 
temperature equalization, and repeat the calibration, procedure. 

(14) Rinse the electrode in deionized water. 

(15) Immerse the bulb in the sample. 

(16) Read the pH to the nearest tenth of a pH unit. Stir the sample with the 

electrode to hasten reading stability. 

(17) If the p H  is greater than 7 ,  re-calibrate using the pH 10 buffer instead of 
the pH 4. Perform steps 5 through 16 above. If most samples have pH 

values greater than 7, pH 10 buffer should be routinely substituted for pH 

4. 

(18) Record the pH reading on the data sheet and in the field notebook. Doc- 
ument calibrations in the calibration log book. 

(19) Rinse the electrode with deionized water and replace plastic boot. 

(20) Turn off meter. 

13.5.3 Conductivity Measurement (YSI 1976bl 

(1) With conductivity meter off ,  check zero position. Adjust if necessary. 

(2) Switch to red line-and adjust. 

(3) Calibrate meter against standard solutions and record calibrations in the 

calibration log book. 
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Collect a sample in a beaker (rinse beaker with sample before collecting). 

Rinse probe with deionized water. 

Immerse probe in the sample. 

Switch to temperature. Record the temperature on Field Water Quality 

Sheet and in field notebook (may be different from earlier temperature 

measurement). 

Switch to conductivity and record both the needle reading and scale knob 

setting. Do not perform any calculations. Record the two values on the 

Field Water Quality Sheet and in field notebook. 

Turn meter off. 

Remove probe from sample and rinse with deionized water. 

Rinse beaker with deionized water. 

13.5.4. Dissolved Oxvgen Measurement (YSI 1976al 

(1) Place meter in  intended operating position. Do not move without calibrat- 

ing. 

(2) With meter off,  adjust meter to zero using center screw. 

(3) Switch meter to zero and adjust to zero with zero knob. 

(4) Switch meter to full  scale and adjust to "15" on ppm scale using full  scale 
knob. 

(5) Attach probe to the meter and wait 15 min to polarize probe. 

(6) Perform air  calibration: 

- Switch to calib 0 2  position; 

- Place the probe in  moist air  (small calibration bottle with a few 
drops of water) and allow 10 min for  temperature stabilization 
(can be same as polarization wait); and 
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- Set meter to local altitude (6,000 f t  amsl) using calib knob -- be 
sure reading is steady; 

Calibrate meter against standard solutions (on a weekly basis). Document cali- 
brations in calibration log book. 

( 7 )  Place probe in sample and stir by raising and  lowering the probe about 1 

f t  per s. Allow probe to equilibrate to sample temperature and dissolved 

oxygen. 

(8) Turn switch to temp and read temperature from lower scale, 

(9) Set 0 2  solubility factor dial to observed temperature, using the salinity in- 
dex scale on the dial (salinity determined using SCT meter - each bar on 

index represents 5,000 ppm chloride concentration). 

(10) Turn switch to read 0 2  and read dissolved oxygen value in ppm directly 
from the meter. 

(11) Turn off meter, rinse probe with deionized water, add a few drops of 

deionized water to the sponge in the probe holder, and return probe to 

holder. 

13.5.5. Photoionization Detector Measurements (HNU Systems 1975'1 

(1) Remove plate on the top half of the case by pulling up on the two fasten- 
ers. The extension tube and battery charger are located under this plate. 

(2) Attach extension tube to the end of the probe. 

(3) Check to see if the instrument's function switch is in the "OFF" position. 

(4) Install the 12 pin interface connector for  the probe into the connector on 
the instrument box by carefully matching the alignment key of the probe 

connector to the slots in the box connector. Twist the connector in a 
clockwise manner until a distinct snap and lock is felt. 

(5) Check the battery supply by turning the function switch to the "BATT" 
position. The meter needle should deflect to the f a r  right or well within 
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the green zone (NOTE: The battery check indicator will not function un- 

less the probe is attached). I f  the needle is below or just in the green zone 

or  the red L E D  light is on, the battery should be recharged. 

(6) To zero the instrument, turn the function switch to the "STANDBY" posi- 
tion and rotate the "ZERO" potentiometer until the meter reads zero. This  

i s  an  electronic zero adjustment. Calibration gases are  not needed. 

(7) Turn  the function switch to the selected scale. There should be a hum- 
ming sound emanating f rom the probe. This  is the f a n  which pulls a i r  

into the probe. A blue glow should be seen through the end o f  the probe. 

D o  not stare a t  this glow, as i t  is an  ultraviolet light source which can 

damage the eyes. An overall check can also be done by passing a magic 

marker past the tip of the probe. This  should generate a reading or jump 
of the needle. 

(8) Place the function switch in the 0 - 20-ppm range for the most sensitive 
monitoring. 

(9) Before entering a work area, determine the background concentration. 

T h i s  concentration should be used as a reference to readings made i n  the 

work area. Under no circumstances should one attempt to adjust the 

"ZERO"  or "SPAN" adjustments while the instrument is being used in the 

work area (NOTE: When using the 0 - 20 ppm range, background eoncen- 

trations up to 1.8 ppm are common in clean environments. This  reading is 

generated internally by the instrument and should be referred to as zero 

PPm). 

(10) T a k e  P I D  readings i n  the headspace o f  a well before making water level 
measurements. Condensation and dust on the lamp can  interfere with 

proper readings. PIDs do not function well during precipitation events o r  

sudden temperature changes which can  fog up the lamp. 

(1 1) Record al l  readings i n  the f ield notebook. 
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13.5.6. Organic  Vapor  Analyzer Measurements (Foxboro Analytical)  

Remove top cover of the instrument. 

Move the INSTR switch to ON and allow five minutes for warm up. 

Set the audible alarm to a predetermined level by turning the PUMP 

switch to ON. Adjust the meter pointer to the desired alarm level using 

the CALIBRATE ALARM (zero) knob. Turn the ALARM LEVEL AD- 

JUST knob on the back of the readout assembly until the audible alarm 

comes on. Adjust speaker volume with VOLUME knob. The instrument i s  

then preset to activate the alarm when the organic vapor level exceeds that 

of  the setting. 

Move the CALIBRATE switch to 1OX and adjust the meter reading to zero 

with the CALIBRATE ADJUST (zero) knob. 

Ensure the PUMP switch is ON and observe the SAMPLE FLOW RATE in- 

dicator. The flow rate should be approximately 2 units. 

Open H2 TANK VALVE one turn and observe the reading on the H2 

TANK PRESSURE indicator (approximately 150 psi of pressure is needed 

for each hour of operation). 

Open H2 SUPPLY VALVE onc-half to one turn and observe the reading 

on the €32 SUPPLY PRESSURE indicator. 

Caution: Do not leave H2 SUPPLY VALVE open when the pump is not run- 

ning, as this will allow hydrogen to accumulate in  the detector chamber. 

(8) Confirm that meter is still reading zero (readjust if required). 

(9) Depress the igniter button. There will be a slight "pop" as the hydrogen ig- 
nites, and the mecer pointer will move upscale of zero. Do not depress ig- 
niter button for  more than 6 seconds. If burner does not ignite, let in- 

strument run for several minutes and try again. 
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(10) Move instrument to an area representative of the "lowest ambient back- 

ground concentration" to be surveyed. Move the CALIBRATE switch to 

1X and adjust the meter to read 1 ppm with the CALIBRATE ADJUST 
(zero) knob. 

( 1 1 )  If the alarm level is to be set above background levels, turn the ALARM 

L E V E L  ADJUST knob on the back o f  the readout assembly until i t  activi- 

ties slightly above background. 

(12) Set the CALIBRATE switch to the desired range. 

(13) Using one hand operation, survey the areas o f  interest while observing the 

meter and/or listening for  the audible alarm indication. 

(14) Record readings in the field notebook. 

13.5.7. Color and Odor 

Record any observations regarding the general condition o f  the samples. Espe- 

cially note color, turbidity and odor. 

- Field water quality data sheets 
- Field notebook 

13.7. REFERENCES 

Foxboro Analytical Century Systems Portable Organic Vapor Analyzer Instructions 
and Service Manual. 

HNU Systems Inc., 1975, Instruction Manual for Model PI101 Photoionization Ana- 
lyzer. 

VWR Scientific,  1976, Care and Feeding of the Mini and Digital p H  Meters, Model 47. 

Yellow Springs Instrument Co., 1976a, Instruction Manual, YSI  Model 51B Dissolved 
Oxygen Meter. 

Yellow Springs Instrument Co., 1976b, Instructions for  YSI Models 33 and 33M S-C-T 
Meters. 
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14. WATER LEVEL MEASUREMENTS 

14.1. PURPOSE 

To provide pr.ocedures for measuring water levels in monitor wells and 

piezometers. 

14.2. DEFINITIONS 

Electric Water Level Sounder: An electric water level sounder is a device to 

measure the depth from a reference point (usually top of casing) to the water level in 
a well. The sounder consists of a two-wire cable on a reel with a double electrode tip.  

The reel houses a battery and voltmeter (or other device such as a light or buzzer) so 

that electrical continuity is indicated between the electrodes when submerged. The 
cable is graduated, indicating the length of cable in the well (Todd 1980). 

14.3. RESPONSIBILITY 

The Field Team Leader is responsible for water level measurements and accu- 

rate recording of data. 

14.4. EQUIPMENT AND MATERIALS 

.- Electric water level sounder 
Deionized water 
Extra batteries 
Tape measure graduated in hundredths of feet 
Watch 
Pencil 
Photoionization Detector (PID) 
Field Water Quality Data Sheet 
Water Level Data Sheet 
Field notebook 

14.5. PROCEDURES 

(1) Record well location, identification number, date, time, and  Field Team 
Member initials in field notebook and on data sheets. 
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(2) Check headspace of the well for any organic vapors with a PID. Record 

reading in field notebook. 

(3) Decontaminate electrode on sounder and sufficient length of cable by 
washing with an alkaline detergent solution and rinsing with deionized 

water so that only clean cable enters the well. 

(4) Turn on sounder, check battery, and lower cable into well until the pres- 
ence of water is indicated. 

(5) Hold wire so thumb and index finger are touching the top of casing when 
probe just enters the water (alarm will sound). Use the north rim of the 

inner casing for  the depth to water reference point. 

(6) Raise cable until alarm stops (i.e., probe is just above water level). Lower 
cable until alarm sound again. Check to see if thumb and index finger are 

a t  the same location as before. 

(7) Still holding the cable a t  the measurement point, pull a n  arm’s length of 
cable f rom the well. With other hand, push the zero end of tape measure 

against thumb, holding the measurement point, and measure distance to the 

first downhole graduation on the cable. Measure to the nearest 1/100th of 
a foot. 

(8) Record the time, cable and tape measure readings in the Field notebook. 
Transfer readings do the Field Water Quality Data Sheet and the Water 

Level Data Sheet. 

(9) Coil the downhole cable into hands to minimize contamination of the en- 
tire sounder. 

(10) Decontaminate all of the cable that was downhole plus 5 f t  by washing 

with a n  alkaline detergent solution and rinsing with deionized water. 

Decontaminate equipment between wells and a t  the end of each day. 

(1 1) Wrap sounder in clean plastic after decontaminating. 
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15. SOIL WATER MONITOR (TENSIOMETER) INSTALLATION 

15.1. PURPOSE 

To provide procedures for tensiometer installation. 

15.2. DEFINITIONS 

Tensiometer: A field instrument installed in a borehole to monitor capillary 

potential, which is then converted to soil moisture. A tensiometer consists of a porous 

ceramic cup attached to a rigid plastic tube. The cup is inserted into the soil, filled 

with water, and connected to either a manometer, a vacuum gage, or a pressure trans- 

ducer (Linsley et al. 1975). 

Capillary Potential: The work required to move a unit mass of water from a 

reference plane to any point in a soil column (Linsley et al. 1975). 

Soil Moisture Content: The amount of water contained in the soil, generally expressed 

as a percentage (Morrison 1982). 

15.3. RESPONSIBILITIES 

The Subcontractor Site Manager is responsible for selecting tensiometer loca- 

tions and installation designs. All tensiometer locations and designs will be approved 

by the Rockwell International CEARP Manager prior to installation. 

The Field Team Leader is responsible for supervision and documentation of 

tensiometer installations. 

The Driller will assemble and install all materials. 
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15.4. EQUIPMENT AND MATERIALS 

Tensiometer 
Manometer, Vacuum Gage, or  Pressure Transducer 
Tef lon  tubing 
Protective cover 
#200 silica f i l t e r  pack 
Bentonite pellets 
Tremie pipe 
Shovel 
100-ft  tape divided into tenths o f  a foot  and weighted on the end 
Field notebook. 

15.5. PROCEDURES 

Auger borehole to desired depth. 

Pull al l  augers and drill  pipe from borehole. If borehole stability is a 

problem, the tensiometer may be installed through the hollow stem augers. 

Decontaminate all drilling equipment, tensiometer, and casing. 

Measure total depth o f  the borehole and design tensiometer installation. 

Pour one borehole volume o f  organic-free water into borehole to saturate 

the soil that will be in immediate contact with the tensiometer (Morrison 

1982). 

Tremie a slurry o f  silica f i l t e r  pack and organic-free water down the 

borehole, 

Seat the porous cup o f  the tensiometer in  the borehole a t  the desired depth. 

Make sure the porous cup is completely imbedded in the slurry (Morrison 

1982). 

Measure depth to the top o f  the f i l t e r  pack and record in the f i e ld  note- 

book. 

Pour approximately a two-ft thickness o f  bentonite pellets into borehole 

annulus, making sure pellets are evenly distributed around the casing. 

Measure depth to top of the bentonite seal and record in f i e ld  notebook. 
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(1 1) - Add 1 to 2 gal. of  organic free water to the borehole. 

(12) Measure final stick up of tensiometer installation to determine total depth. 

(1 3) Place protective cover over the tensiometer installation. 

15.6. RECORDS 

- Field notebook 

15.7. REFERENCES 

Linsley, R. K., M. A. Kohler, J. L. Paulhus, 1975, Hydrology for Engineers, McGraw 
Hill Book Company. 

Morrison, R. D., 1982, Groundwater Monitoring Technology, Timco Publishing, Prarie 
de Sac, Wisconsin, 318 p. 
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16. SOIL WATER SAMPLER (LYSIMETER) INSTALLATI( 

16.1. PURPOSE 

To provide procedures for lysimeter installation. 

16.2. DEFINITIONS 

Lysimeter: A field instrument installed in a borehole used for  

pore water via suction in the unsaturated zone. Lysimeters are capabl 

accumulated water within the sampling vessel. 

16.3. RESPONSIBILITIES 

The Subcontractor Site Manager is responsible for  selecting lysir 

and installation designs. All lysimeter locations and designs will be a r  
Rockwell International CEARP Manager prior to installation. 

The Field Team Leader is  responsible for supervision and doc 

1 y s ime t er  ins t a 11 a t i  ons. 

The Driller will assemble and install all materials. 

16.4. EQUIPMENT AND MATERIALS 

- Teflon lysimeter attached to 2-in. PVC casing 
- 6-5/8 inch PVC casing 
- Protective cover 
- #200 silica fi l ter  pack - Bentonite pellets 
- Tremie pipe 
- Shovel - 100-ft tape divided into tenths of a foot and weighted on the 
- Field notebook. 

16.5. PROCEDURES 

(1) Auger borehole to desired depth. 
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(2) Pull augers and drill  pipe f rom borehole. If borehole stability is a prob- 

lem, the lysimeter may be installed through the hollow stem augers. 

(3) Decontaminate all drillling equipment, lysimeter, and casing. 

(4) Measure total depth o f  borehole and design lysimeter installation. 

(5) Install approximately 6-5/8 inch P V C  casing to within approximately two 

fee t  o f  the bottom o f  the borehole. 

(6) Tremie a slurry o f  silica f i l t e r  pack and organic-free water into the bot- 

tom two f e e t  o f  the borehole (Morrison 1982). 

(7) Seat the lysimeter into the f i l t e r  pack slurry. Make sure the lysimeter is 

completely imbedded in the slurry (Morrison 1982). 

(8) Measure the depth to the top o f  the f i l t e r  pack. Record in the f i e ld  note- 

book. 

(9) Pour approximately a two-ft thickness o f  bentonite pellets into borehole 

annulus, making sure pellets are  evenly distributed around the casing. 

(10) Measure depth to top o f  the bentonite seal and record in f ield notebook. 

( 1  1 )  Add 1 to 2 gal. o f  organic-free water to the borehole. 

( 1  2) Measure final st ick up o f  the 2-in. P V C  casing to determine total depth. 

(13) Place protective cover over the lysimeter installation. 

16.5. RECORDS 

- Field notebook 

16.6. REFERENCES 

Morrison, R. D., 1982, Groundwater Monitoring Technology, T imco  Publishing, Prairie 
de Sac,  Wisconsin, 318 p. 
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17. SURFACE WATER QUALITY SAMPLING 

17.1. PURPOSE 

To define procedures for surf ace water sampling. 

17.2. DEFINITIONS 

Surface Water: Surface water refers to all flowing and pond 

project site. It includes springs, creeks, and constructed ponds and d i  

17.3. RESPONSIBILITY 

The Subcontractor Site Manager is responsible for  developi 

schedule. The sampling schedule will be approved by the RockM 

CEARP Manager prior to implementation. 

The Field Team Leader is responsible for surface water samr 

contamination of equipment, appropriate documentation, and prompt 

ples to the laboratory. 

17.4. EQUIPMENT AND MATERIALS 

- Narrow mouth glass jar on stainless steel wading rod 
' -  Sample bottles and cooler provided by the laboratory 
- Field water quality sampling and analysis form 
- Field notebook 
- Pencil and waterproof marker 

17.5. PROCEDURES 

(1) Collect the sample in I-gal. glass contaders  attached to 

wading rod (DO1 1977). At stations where flows are mea 

sample immediately upstream of the flow measurement I 

collect the sample in the center of downstream embankm 

raise and lower the sampling apparatus to collect a depti 

pie. 
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Rinse all bottles provided by the laboratory with sample. Fi l l  the bottles 

about one-quarter full ,  tighten cap, and rinse both bottle and cap with a 
swirling motion. Discard rinse water. 

Completely f i l l  all  bottles supplied by the laboratory. Carefully f i l l  

volatile organic vials to overflowing and cap so that no a ir  is present in  
the vial. Invert the bottle and tap lightly. If a ir  bubbles are observed, re- 

peat the procedure. 

Perform field tests for  temperature, pH, conductivity, and dissolved oxy- 
gen. 

Record observations on sample color, turbidity, and odor, as well as clirna- 

tic and other conditions that might af fect  the sample. 

Label all  bottles and place bottles in a cooler containing ice. 

Deliver samples to laboratory within three hours of collection. 

17.6. RECORDS 

- Field water quality sampling and analysis form 
- Field notebook 

17.7. REFERENCES 

U.S. Department o f  the Interior, 1977, National Handbook o f  Recommended Methods 
for Water-Data Acquisition, revised August 1984. 
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18. STREAM FLOW MEASUREMENT 

18.1. PURPOSE 

To present procedures for measuring flow rates of ditches, creel 

18.2. DEFINITIONS 

Stream: Any natural or artificial flow. 

Flume: Open channel flow measuring device in which depth 1 

sured to compute flow volume. The Parshall flume is commonly used 

configured so as to be self-cleaning. The Cutthroat flume, in contrast 

has a flat  bottom that allows relatively easy temporary installation ir 

nels. 

18.3. RESPONSIBILITY 

The Subcontractor Site Manager is responsible for selecting fla 

locations. Locations will be approved by the Rockwell International C 

prior to flow measurements. 

The Field Team Leader is responsible for  measuring flow rai 

before collecting surface water quality samples. 

18.4. EQUIPMENT AND MATERIALS 

- Portable Cutthroat f lume 
- Carpenter’s level 
- Tools for  assembling flume 
- Shovel and sandbags 
- Twenty foot tape measure graduated in 0.1 feet 
- Twelve foot steel tape measure graduated in 0.1 feet 
- Cork - One foot of PVC pipe 
- Five-gallon bucket 
- One-liter beaker 
- Stopwatch 
- Pencils 
- Field water quality sampling and analysis form 
- Field book 
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18.5. PROCEDURES 

Procedures are  described below f o r  measuring surface flows by four methods. 

Existing Parshall and portable Cutthroat flumes are  the preferred methods o f  mea- 

surement. Procedures are also presented f o r  the velocity - cross sectional area method 

and f o r  the bucket and stopwatch method, although these methods are  to be used only 

when the Subcontractor Site  Manager determines that the preferred methods are in- 

feasible. 

18.5.1. ExistinP Parshall  Flumes (LeuDold and Stevens 19781 

Remove any material that may have been deposited in the flume. Check 

that f lume is level using carpenter’s level. Inspect strip chart  on recorder 

to be sure that i t  is operating. Report  any deterioration o f  the station 

immediately to the Subcontractor Site Manager. 

R e a d  the depth of f low on the upstream permanent scale and the down- 

stream permanent scale, if submerged, and record. 

Measure and record throat width. 

Record time and data of data collection. 

18.5.2. Portable Cutthroat Flume 

( 1 )  Estimate f low rate and select appropriate throat width f o r  Cutthroat 

flume. 

(2) Assemble f lume with nuts on outside o f  f low cross section. 

(3) Place the  f lume in the  stream bed at the surface water station and level 

using the carpenter’s level. T h e  actual location o f  the station should be es- 

tablished in the f i e ld  during the initial measurement event using the fol-  

lowing criteria.  

- Channel cross section is small enough that f low can  be easily chan- 

neled through the flume. 
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- Sufficient sediments are available for use in diverting t 

- There is sufficient gradient that free-flowing downsti 

can be achieved. 

(4) Use sandbags and local sediments to divert the flow througl 

(5) Check that there are no backwater effects downstream of tl 
the depth of flow from the attached scale and record. 

(6) Record the throat width. 

(7) Record the time and date of the measurements. 

18.5.3. Velocitv - Cross Sectional Area Method (DO1 19771 

(1) Mark off a convenient length (10 to 20 feet) along the 1 

width and depth of flow remain relatively constant. Recc 

off length. 

(2) Measure and record the width and depth of flow a t  both th 
downstream ends of the marked-off length. 

(3) Measure and record the time required for  a cork to pa 

length. 

(4) Record the time and date of measurement. 

18.5.4. Bucket and StODwatch Method (DO1 19771 

(1) Dam the flow using local sediments so that all of the flo 
the one-foot length of PVC pipe. Make sure the pipe is h 

the ground that the flow will enter the selected vessel. 

(2) Place either the 5-gal bucket or the I-L beaker under the I 

of the flow is collected. Use the 5-gal bucket for flows in 

per min unless there is insufficient topographic relief to I 

in to the bucket. 
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(3) Measure the time required to f i l l  the vessel. 

(4) Record the time and date o f  the measurement, the time required to f i l l  the 

vessel, and the volume o f  the vessel. 

18.6. RECORDS 

~ Field notebook - Field water quality and sampling and analysis form 

18.7. REFERENCES 

Leupold and Stevens, Inc., 1978, Stevens Water Resource Data, 

U.S. Department o f  the Interior,  1977, National handbook o f  Recommended Methods 
f o r  Water-Data Acquisition, revised August 1984. 
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19. SEDIMENT SAMPLING 

19.1. PURPOSE 

T o  establish uniform methods f o r  collection o f  stream and pond I 

19.2. DEFINITIONS 

BMH-53 Bed-Material Sampler: A hand-held, piston-type bed-m: 

(Guy and Norman 1982). 

Coliwasa: The  composite liquid waste sampler (Coliwasa) is a de 

free-flowing liquids and slurries. It  is equipped with an  end closure 

opened and closed while the tube is submerged in the material to be 

1977). 

19.3. RESPONSIBILITY 

T h e  Subcontractor Site Manager will select locations f o r  sediI 

Locations will be  approved by the Rockwell  International CEARP M a  

sampling. 

T h e  Field Team Leader is responsible f o r  collecting sediment san 

19.4. EQUIPMENT AND MATERIALS 

- BMH-53 bed-material sampler - T e f  Ion Coliwasa sampler (approximately two-inch) 
- Polycarbonate tubes (approximately two-inch) 
- Boat or r a f t  
- Field notebook 
- Tape  measure 
- Sample containers supplied by on-site laboratory 
- Waterproof pens 
- Pencils 
- Hip Boots 
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19.5. PROCEDURES 

Procedures are presented below for sampling stream and ditch sediments (bed 

materials) and for sampling pond sediments. 

19.5.1. Stream and Ditch Sediments 

(1) Determine number of samples to be collected at  each sampling station 

based on width of stream or ditch. 

If width is less than 5 ft ,  collect one sample from the center of the 
channel. 

If width is greater than or equal to 5 ft, but less than 10 ft,  collect 
two samples from the third points along an imaginary line perpendic- 
ular to the direction of flow. 

If width is greater than or equal to 10 ft ,  but less than 20 ft ,  collect 
three samples at the quarter points along the imaginary perpendicular 
line. 

If width is greater than or equal to 20 ft ,  collect samples every 5 f t  
along the imaginary perpendicular line. 

(2) Wade to sampling point and push the BMH-53 bed-material sampler into 
the sediment about 1 f t  (decontaminate sampler before use and between 
sampling points). 

(3) Place sample in containers. 

(4) If sample volume is not sufficient to fill the containers, continue to sample 
in an area approximately 1 f t  sq until sufficient sample is collected. 

(5) Seal sample containers and label. 

(6) Record time of sample collection. 

( 7 )  Place sample in cooler with ice. 

(8) Repeat process a t  additional sampling sites as required. 

(9) Deliver samples to onsite laboratory, if an onsite laboratory is used, 

within three hours of sample collection. 

RQCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) Sampling Plan App. A, page 19-2 



'. 

19.5.2. Pond Sediments 

(1) Clean all equipment. 

(2) Ponds will be dividec into sections and  representative saml 
lected from each section. 

(3) Access sampling point using boat or raft. 

(4) Collect sample with a Coliwasa. 

- Open sampler by placing stopper rod handle in the T-pot 
ing rod down until handle sits against locking block. 

- Slowly lower sampler into fluid. 

- When the sampler hits bottom, push sampler tube into sec 

- Lock the stopper by turning the T-handle upright so th  
on lock block. 

- Withdraw Coliwasa from sediment and fluid. 

(5) If the sediment is too consolidated to be sampled with the 
BMH-53 Bed-Material Sampler; 

(6) Place sample in containers. 

(7) If sample volume is insufficient to fi l l  containers, repeat s 
' in vicinity of sampling location until sufficient volume is c 

(8) Label sample containers and record time of sample collectic 

(9) Place samples in cooler with ice. 

(10) Decontaminate equipment and move to next sampling point. 

(11) Deliver samples to the onsite laboratory, if an  onsite lab 
within three hours of collection. 

19.6. RECORDS 

- Field notebook 
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19.7. REFERENCES 

Guy,  H.P. and V. W. Norman, 1982, Techniques o f  Water-Resources Investigations o f  
the United States Geological Survey, Chapter C2, Field Methods for Measurement 
o f  Fluvial Sediment, Book 3, Applications of Hydraulics. 

U.S. Department o f  the Interior, 1977, National Handbook o f  Recommended Methods 
for Water-Data Aquisision, revised August 1984. 
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20. SOIL MOISTURE CONTENT 

20.1. PURPOSE 

TO describe the laboratory procedure to determine moisture ontent of soil 

samples. t 
20.2. DEFINITIONS I 

Water Content (O/o): The water content is defined as the ratio, 

percentage of the weight of water in a soil to the weight of solid p 

Corps of Engineers 1970). 

ww 

ws 
w = --- x 100% 

20.3. RESPONSIBILITIES I 
The Subcontractor Site Manager is responsible for sample selecti n. These se- 

lections will be approved by the Rockwell International CEARP Ma P ager prior to 

laboratory testing. 

Laboratory staff will perform water content analyses. 

The Field Team Leader will be responsible for sealing collected I 

tain native water content until delivery to the laboratory. 

20.4. EQUIPMENT 

.mples to re- 

- An oven of forced draf t  type, controlled to maintain a unifor 
perature of 110 + ~ O C  

- Balances sensitive to .01 g 

- Evaporating dishes 

tern- 

\ 
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20.5. PROCEDURE 

(1) Sample size depends on grain size, gravels requiring up to 1000 g. Most site 
samples are anticipated to be 90% finer than no. 4 sieve, for  which 100 - 
200 g is an adequate sample. 

(2) Laboratory staff will accurately measure the tare weight of a n  evaporating 
dish. 

(3) The sample container will be unsealed and a portion accurately weighed in 
the evaporating dish. 

(4) The dish and sample will be transferred to the oven and dried to constant 
weight. Clayey soils may require 16 h of  drying. 

(5) The dish and sample will be carefully reweighed. 

(6) Computation: The water weight (Ww) is the loss through drying of the 

sample and the dish, the soil weight (Ws) is the dried sample and dish 

weight minus the tare, and water content is given by W = (Ww/Ws) x 100°/o. 

20-6. RECORDS 

Laboratory staff will record water content on data forms. 

20.7. REFERENCE 

U.S. Army Corps of Engineers, 1970, Engineering Manual EM 11 10-2-1906. 
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21. GRAIN SIZE ANALYSIS 

21.1. PURPOSE 

To describe laboratory procedures for  sieve and hydrometer analyses of grain 
size distribution. 

21.2. DEFINITIONS 

Grain-size Analysis: This determines the proportion of material of various 

grain sizes in a sample. The grain-size distribution of coarse-grained soils is deter- 

mined directly by sieve analysis, while that  of fine-grained (passing 200 sieve) soils is 

determined indirectly by hydrometer analysis. For broadly graded materials with 

f ine and coarse fractions, sieve and hydrometer analyses are performed separately 

and the analyses combined (Army Corps of Engineers 1970). 

21.3. RESPONSIBILITY 

The Subcontractor Site Manager is responsible for sample selection. These 

selections will be approved by the Rockwell International CEARP Manager prior to 

laboratory analysis. 

Laboratory staff will perform grain size distribution analyses. 

The  Field Team Leader will be responsible for  the collection and  representa- 

tiveness of the sample. 

21.4. EQUIPMENT 

- US Standard series, number and sizes depending on sample 
- Sieve shaker - Weighing scale accurate to .01 g 
- Oven 
- Hydrometer, ca1ibra.ted 
- Sedimentation cylinders 
- Clay dispersant 
- Agitators 
- Thermometer 
- Stopwatch 
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21.5 PROCEDURE 

( 1 )  The dry weight o f  the sample will be determined by weighing the sample 
and measuring its moisture content. 

(2) The sample will be split into coarse and f ine  fractions by washing on a no. 
200 sieve. 

(3) Sieve analysis (U.S. Army Corps o f  Engineers 1970). 

- Oven-dry and weigh the coarse (plus 200) fraction o f  the sample. 

- Shake the coarse sample in the sieve rest for  approximately 10 minutes. 

- Measured weights o f  sediments retained on each sieve screen. 

- Convert cumulative weight retained to 40% finer than each sieve size, 
for  the total sample weight (coarse and f ine  fractions combined). 

(4) Hydrometer analysis (U.S. Army Corps o f  Engineers 1970): 

- Determine the specific gravity o f  the f ine  fraction. 

- Soak the f ine  sample with a chemical dispersant to de-flocculate clays. 

- Agitate the sample in a sedimentation cylinder, 

- Use the hydrometer at  timed intervals to measure the density o f  the 
fluid at  a f ixed depth in the sedimentation cylinder, 

. -  Compute particle diameter corresponding to measurement times from 
nomographs based on Stokes’ Law and material specific gravity. 

- Calculate percent f iner than a particular particle diameter, that is ma- 
terial that has not yet passed the measuring point, from temperature 
corrected, fluid suspension density. 

- Correct percent f iner values to percentages o f  the total sample, combin- 
ing coarse and f ine  fractions. 

(5) Plot combined sieve and hydrometer analysis on a gradation curve form. 

21.6. RECORDS 

- Sieve analysis form 
- Hydrometer analysis form - Gradation curve form . .  
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22. GEOPHYSICAL PROCEDURES 

22.1. PURPOSE 

To provide procedures for geophysical methods for  source delineation. 

22.2. DEFINITIONS 

Geophysical Survey: The exploration of an  area in which geophysical proper- 
ties and relationships are mapped by one or more geophysical methods. 

Geophysical Methods: The use of one or more of  the following geophysical 

magnetometrey, electromagnetic induction, electrical resistivity (vertical techniques: 

electrical soundings), and metal detection. 

Geophysicist: The company providing geophysical equipment and personnel to 

conduct a geophysical survey. 

22.3. RESPONSIBILITY 

The areas to be geophysically surveyed will be selected on a site-specific basis 

and delineated in the site-specific monitoring plans as appropriate. 

The Subcontractor Site Manager is responsible for  providing the survey grid to 

the Geophysicist. The survey grid will be approved by the Rockwell International 

CEARP Manager prior to survey implementation. If grid modifications are needed 

during the survey to better locate sources, they will also be approved by the Rockwell 

International CEARP Manager prior to implementation. 

The Geophysicist is responsible for  conducting the geophysical survey, survey 

documentation, and data interpretation. 

The Field Team Leader is responsible for  assisting the Geophysicist as neces- 

sary. 
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22.4. E Q U I P M E N T  AND MATERIALS 

Appropriate equipment for the geophysical survey, data acquisition, and data 
recording will be provided by the Geophysicist. 

22.5. PROCEDURES 

T h e  following quality assurance procedures apply to all  of the geophysical in- 
struments and their  use during the geophysical survey. 

22.5.1. General 

General data transmittals will be documented on standard Chain-of-Cus- 

tody data forms. These forms will be maintained onsite. 

All  geophysical instrumentation will be operated in accordance with oper- 

ating instructions as supplied by the manufacturer. Copies o f  the manu- 

facturer's operating instruction and updated calibration records will ac- 
company the instruments. E a c h  instrument will have its own calibration 

log book. 

Battery voltage levels f o r  a11 instruments will be monitored each day 

throughout the survey, Battery packs will be fu l ly  charged or replaced 

when voltage levels f a l l  below the geophysical equipment specifications. 

Battery and charger checks will be documented i n  cafibration log books. 

22.5.2. Magnetometers 

T h e  magnetometer will be operated in accordance with operating instruc- 

tions as supplied by the manufacturer. Operating instructions f o r  the 

EG&G Geometrics Portable Proton Magnetometer/Gradiometer (Model G- 

856AG) are  presented 'In Appendix B. 

Maintain calibration records f rom the magnetometer manufacturer. The  

magnetometer will be calibrated annually by the manufacturer and the 

date o f  most recent calibration will be tagged and a f f i x e d  to the instru- 

ment. "1.. 
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(3) Perform quarterly calibration checks using a magnetometer tester for  the 
proton magnetometer. Quarterly calibrations will be documented in the 
calibration log book. 

(4) A swing sensor test will be conducted with the proton magnetometer prior 
to initiating site operations. F o r  inclinations o f  the earth’s magnetic f ield 
greater than 45’’ four readings with the sensor oriented 90’ to the other 

readings shall be taken. This  will be repeated three times. Variations 

greater than 50.2 gammas will not be observed. Any directional sensitivity 
o f  the probe will be corrected by washing the sensor with detergent and 

water. 

NOTE: At  Rocky  Flats  Plant,  the earth’s magnetic f ield is dipping approx- 

imately 70’ North. 

(5) Obtain a daily background reading in the immediate vicinity o f  the survey 
site. This  reading will be outside the influence o f  manmade magnetic 

fields (e.g., power lines and pipelines). The  Geophysicist will confirm that 

background readings are reasonable with respect to the total magnetic 

f i e ld  f o r  the site’s latitude and longitude. This  daily background reading 

should repeat to within reasonable diurnal variations in the earth’s mag- 

netic field. Generally,  acceptable repeat readings are within 50 to 100 

gammas. 

NOTE: T h e  total magnetic f ield intensity f o r  Rocky  Flats  Plant is approx- 

imately 55 to 60 kilogammas. 

(6) Sequential readings will be taken before and a f t e r  magnetic surveying op- 
erations. These readings (within 10 seconds o f  each other) will be taken at 

any location onsite, preferably at the location o f  the daily background 

readings. T h e  readings will be distant f rom manmade magnetic fields and 
recorded in the f ield notebook. T w o  or three sequential readings will be 

suff icient .  In  the absence o f  magnetic storms (sudden variations in the 
earth’s magnetic field),  the dr i f t  in the readings should be less than 0.1 to 

a few tenths o f  a gamma. D r i f t  during magnetic storms may approach 1 
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gamma. Records o f  the daily sequential readings will be recorded in the 

f ield notebook. 

(7) Base station readings will be taken so that the e f fec ts  o f  diurnal variations 
in the earth’s magnetic f ield can be removed from the data. In addition, 
magnetic storms can be detected i f  the base station sampling frequency is 

high enough. During a magnetic storm, operations will be suspended and 

resumed when the storm has passed. A permanent base station may be set 
up onsite where continuous readings are automatically recorded every ten 

to f i f teen  minutes, or a base station may be occupied every 45 to 60 min- 
utes during the survey. 

(8) Use o f  automatic magnetometers requires recording the magnetometer 

readings f o r  the f irst  and last station o f  each traverse in the f ieid note- 

book. Data recorded in the f ield notebook will be compared at the end o f  

the day with data from the automatic recording device. Data recorded in 

the f ield notebook should be within +1 gamma o f  the values derived from 

the recording device. I f  the differences exceed +1 gamma, then the tra- 
verse will be suspect and the data considered unusable. Data will be 

transferred daily onto hard copies f rom the recording device. 

(9) Where the magnetic survey traverses cross a t  grid nodes, data f rom the two 
traverses will be compared. T h e  data should be +IO% o f  one another. If 

the differences exceed +IO%, three consecutive readings will be taken at 

the grid point node. T h e  three readings will be averaged and compared to 

the two measurements in question. If either measurement exceeds +IO%, 
then that survey traverse will be suspect and the data considered unusable. 

22.5.3. Electromaenetic Induction 

(1) T h e  E M  systems will be operated in accordance with operating instructions 
as supplied by the manufacturer. Operating instructions f o r  the Geonics, 

Ltd., Terrain Conductivity Meters (Models EM 34-3 and EM 31) are pre- 

sented in  Appendix B. 
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Maintain calibration records from Geonics, Ltd. The EM system will be 

calibrated annually by the manufacturer and the date of the most recent 

calibration will be tagged and affixed to the instrument. 

Perform quarterly calibration checks at  a designated point on a nearby 

bedrock outcrop. Quarterly readings should be repeatable to 25%. The 

electromagnetic indication meter will be returned to the manufacturer for 

calibration if quarterly calibration readings are not within 25% of the 

manufacturing calibration. Quarterly calibrations will be documented in 

the calibration log book. 

Prior to conducting a survey, a location will be selected for  daily calibra- 

tion checks. If possible, this location should be the same as for the quar- 

terly calibration checks. Calibration checks will be made before and after 

conducting daily survey operations. Readings shall repeat to 25%. All cal- 

ibrations will be documented in the calibration log book. 

NOTE: All calibration checks should be made in the absence of power 

lines, buried utilities, etc. They should also be made on a relatively flat  

surface outside of topographic lows. 

Instrument stability will be checked when there is local or distant thun- 

derstorm activity. Electromagnetic radiation from thunderstorms can gen- 

erate noise in the EM system. Operations will be postponed during distur- 

f rom distant thunderstorms and resumed when these effects have 

The Geophysicist will confirm that field conductivity readings are reason- 

able with respect to existing site conditions. 

Us of an  automatic data recorder requires recording the conductivity 

rea ings for  the first and last station of each traverse in the field note- 

boo . Data recorded in the fieid notebook will be compared with data 

f r o  the automatic recording device a t  the end of each day. Data 

reco ded in the field notebook should be 25% of the values derived from 

the i ecording device. If the differences exceed +59/0, then the transverse 
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will be suspect and the data considered unusable. Data will be transferred 

daily onto hard copies from the recording device. 

(8) Where the conductivity survey traverses cross a t  grid nodes, the data from 

the two traverses will be compared. T h e  data should be 210% of  one an- 

other for  the same instrument (EM 34-3 or EM 31) and 220% for different 

instruments (EM 34-3 or E M  31). If the differences exceed these ranges, 

then three consecutive readings with the respective instruments will be 

taken a t  the grid node. T h e  three readings will be averaged and compared 

to the measurements in question. I f  either measurement exceeds their er- 

ror range, then that survey traverse will be suspect and the data consid- 

ered unusable. 

22.54.  Vertical Electrical Soundinm WESl 

T h e  VES system will be operated in  accordance with operating instructions 

as supplied by the manufacturer. Operating instructions for the Bison 

BOSS System (Model 2365) are presented in  Appendix B. 

Maintain calibration records from Bison Instruments, Inc. T h e  VES system 

will be calibrated annually by the manufacturer and the date of the most 

recent calibration will be tagged and a f f i x e d  to the instrument. 

Perform quarterly calibration checks a t  a designated location. T h e  loca- 

tion should be clear o f  power lines, buried utilities, etc. T h e  location 

should also be on a relatively f l a t  homogeneous surface. T h e  quarterly 

readings should repeat to +5%. I f  the differences exceed +z%, the instru- 

ment will be returned to the manufacturer for  calibration. Quarterly cali-  

brations will be documented in the calibration log book. 

All VES data will be checked for accuracy prior to completion o f  the 

sounding. T h e  technique outlined in the manufacturer’s operating instruc- 

tions (Appendix B) will be followed. If the cross-checks exceed L5%, a 
minimum o f  three sets o f  readings will be conducted a f ter  a thorough 

check o f  the setup. T h e  average o f  the three sets o f  readings will be used 
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e data analysis. Should the cross-checks exceed +5% on a regular ba- 

e instrument will be returned to the manufacturer for calibration. 

22.5.5. Metal Ddtector 

etal detector will be operated in accordance with operating instruc- 

supplied by the manufacturer. Operating instructions for the 

Treasure master 600 Cache Locator (TM 600 S2) are presented in 

detector will be operated in the ground reject mode as outlined 

instructions. The ground reject mode balances out ground 

better detection of ferrous and nonferrous metals in the 

(3) Prior o conducting a survey, a location will be selected for  daily nulling 

proced res. The daily nulling location should be free of power lines, 

buried utilities, and groups of large metal objects. The nulling procedures 

will b The 

setting of the null adjustments will be recorded in the calibration log 

made before and af ter  conducting daily survey operations. 

book. I 
ent of the sensitivity control will be made onsite as required. 

22.6. RECORDS 

will be responsible for  documentation and transmittal of all 

in bound field notebooks with numbered pages, and a 
for each instrument. Standard chain-of-cus- 

will contain actual survey data and will document items 

location, names of the field team members, weather condi- 

The field notebook will contain information which will 
a clear and concise manner. The Geophysicist will sign 
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23. SOIL GAS SURVEYS 

The Soil 

documenting the 

23.1. PURPOSd 

Gas Surveyor is responsible for  conducting the soil gas survey and . 

survey. 

T o  perfotm soil gas surveys for source and groundwater plume delineation. 

(2) Insert 
soil a t  

23.2. RESPON~IBILITY 

a freshly decontaminated hollow stainless steel rod 3 to 5 f t  into the 

the grid node. 

Soil gas sbmpling locations will be selected on a site-specific basis. 

The Subc ntractor Site Manager is responsible for  providing the survey control 

grid. The survey grid will be approved by the Rockwell International CEARP Man- 

ager prior to s rvey implementation. If grid modifications are needed during the 

survey to deline te groundwater plumes, they will also be approved by the Rockwell 

International C I ARP Manager. 

23.3. T AND MATERIALS 

steel rod with Teflon-coated drive t ip 

23.4. PROCEDU~ES 

d the time and location of the sample collection in the field note- 

book. 

(3) Pump soil gas through the rod via a water sealed pneumatic pump to re- 

move \ fixed sample of soil gas. The sample will be removed through a 
delive y tube utilizing a standard laboratory hypodermic needle. 
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(4) Pump soil gas for approximately ten minutes to allow for stabilization. 

(5) Extract  approximately 5 cubic centimeters o f  soil gas for analysis. 

(6) Inject the soil gas sample directly into the field gas chromatograph. 

(7) Record results in field notebook. 

(8) Proceed to the next sampling location and repeat procedure. 

23.5. RECORDS 

- Field Notebook 
- Chromatographs 

.- . . .  .. . 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 11917 (Revieion 1) Sampling Plan App. A, page 23-2 





NOTE To I331 AND EM34 USERS: 

One of the most c m n  problems with the instrument is the 
contamination of battery contacts. 
use fine sand paper (MOO or higher) and wipe several times 
over the contacts. 

To clean these contacts 

Ensure that the spring action of  the battery holders is maintained. 
Bend holder sides slightly if necessary. 

July 1985. 

! 
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EM31-I) SPECIFICATIONS 

Measured Q u a n t i t i e s  (1) Apparent  c o n d u c t i v i t y  o f  t h e  
ground i n  mi l l imhos  p e r  meter 

I 

1 (2) Inphase  component o f  t h e  induced  

1 m a g n e t i c  f i e l d  
I 

I P r i m a r y  F i e l d  Source  S e l f - c o n t a i n e d  d i p o l e  t r a n s m i t t e r  

I S e n s o r  S e l f - c o n t a i n e d  d i p o l e  r e c e i v e r  
! 

I n t e r c o i l  S p a c i n g  3 .66  meters 4 

O p e r a t i n g  Frequency  9 . 3  kHz ! 

, 
I 

Power Supply i 
8 d i s p o s a b l e  a l k a l i n e  ' C '  c e l l s  I 

I 
I ( approx .  2 0  h r s  l i f e  c o n t i n u o u s  u s e )  

C o n d u c t i v i t y  Ranges 

Measurement P r e c i s i o n  

Measurement Accuracy 

N o i s e  Level 

O p e r a t o r  C o n t r o l s  

I 3 ,  10,  30, 100 ,  3 0 0 ,  1000 mmhos/meter 

I 5 2 %  o f  f u l l  s c a l e  

2 5 %  a t  20 rni l l imhos p e r  m e t e r  

~0.1 mil l i rnhos  p e r  meter 

*Mode S i i i t ch  
- C o n d u c t i v i t y  Range Swi t ch  
* P h a s i n g  P o t e n t i o m e t e r  
- C o a r s e  Inphase  Compensation 
- F i n e  Inphase  Compensation 

i 

Analog  Ou tpu t  

Dimens i o n s  

We i gh t 

Connector  on EM31-D f o r  d u a l  c h a n n e l  
a n a l o g  r e c o r d i n g  o f  ground 
c o n d u c t i v i t y  and inphase  component 

I 

Boom : 4 . 0  m e t e r s  e x t e n d e d  i 
i 1 . 4  m e t e r s  s t o r e d  

Console  : 2 4  x 20 x 18 cm 
S h i p p i n g  Crate:  155 x 4 2  x 2 8  cm 

I n s t r u m e n t  Weight: 9 kgm 
S h i p p i n g  Weight: 23 kgm 
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1. INTRODUCTION 

Measurement o f  ground r e s i s t i v i t y  i s  one o f  t h e  o l d e s t  
g e o p h y s i c a l  t e c h n i q u e s .  Tab le  1, t a k e n  d i r e c t l y  from 
H e i l a n d " ,  l i s t s  t y p i c a l  v a l u e s  o f  r e s i s t i v i t y  f o r  
a v a r i e t y  o f  g e o l o g i c a l  m a t e r i a l s  (pages  4 - 7 1 ,  The 
v a l u e s  g i v e n  a r e  i n  ohm-cen t ime te r s  and m u s t  be  d i v i d e d  
by one hundred t o  g i v e  ohm-meters.  

I t  w i l l  be o b s e r v e d  t h a t  i n  most c a s e s  t h e  a c t u a l  
r e s i s t i v i t y  i t s e l f  i s  n o t  d i a g n o s t i c  and a knowledge o f  
t h e  way i n  which t h e  r e s i s t i v i t y  v a r i e s  l a t e r a l l y  and 
w i t h  d e p t h  i s  o f  g r e a t  i m p o r t a n c e ,  s i n c e  t h i s  p e r m i t s  
u s  t o  "see" f e a t u r e s  as a r e s u l t  o f  t h e i r  shape  r a t h e r  
t h a n  t h e i r  a c t u a l  r e s i s t i v i t y  v a l u e s .  There i s  t h u s  a,  
r e q u i r e m e n t  f o r  i n s t r u m e n t a t i o n  which p e r m i t s  t h e  r a p i d  
and  a c c u r a t e  measurement o f  t e r r a i n  r e s i s t i v i t y .  S i n c e  
t h e  EM31 does  n o t  r e q u i r e  e l e c t r i c a l  c o n t a c t  w i t h  t h e  
ground i t  f u l f i l l s  t h i s  o b j e c t i v e .  

The  b a s i c  p r i n c i p l e  of o p e r a t i o n  o f  t h e  EMS1 i s  s i m p l e .  
With r e f e r e n c e  t o  F i g .  1 a t r a n s m i t t e r  c o i l  l o c a t e d  a t  
one  end  o f  t h e  i n s t r u m e n t  induces c i r c u l a r  eddy c u r r e n t  
l o o p s  i n  t h e  e a r t h .  Under c e r t a i n  c o n d i t i o n s  f u l f i l l e d  
i n  t h e  d e s i g n  o f  t h e  EM31 t h e  magn i tude  of any one of  
t h e s e  c u r r e n t  l oops  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
t e r r a i n  c o n d u c t i v i t y  i n  t h e  v i c i n i t y  of t h a t  loop .  Each 
one  of  t h e  c u r r e n t  l o o p s  g e n e r a t e s  a magnet ic  f i e l d  
which  i s  p r o p o r t i o n a l  t o  t h e  v a l u e  o f  t h e  c u r r e n t  f l o w i n g  
w i t h i n  t h a t  l oop .  A p a r t  o f  t h e  m a g n e t i c  f i e l d  from 
e a c h  loop  i s  i n t e r c e p t e d  by t h e  r e c e i v e r  c o i l  and r e s u l t s  

* H e i l a n d ,  C.A .  Geophys ica l  E x p l o r a t i o n .  t i a fne r  
P u b l i s h i n g  Co . ,  N e w  York 1968 
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C U R R E N T  LOOPS 

T - TRANSMITTER COIL 
R - RECE IVER COIL 

Fig.1 INDUCED CURRENT FLOW IN GROUND 

INTRODUCTION ( c o n t ' d )  

i n  an  o u t p u t  v o l t a g e  which i s  t h e r e f o r e  a l s o  l i n e a r l y  
r e l a t e d  t o  t h e  t e r r a i n  c o n d u c t i v i t y .  

T h i s  i n s t r u m e n t  i s  c a l i b r a t e d  t o  r e a d  t h e  c o r r e c t  con-  
d u c t i v i t y  when t h e  e a r t h  i s  uni form.  I n  t h e  even t  t h a t  
t h e  e a r t h  i s  l a y e r e d ,  w i t h  e a c h  l a y e r  o f  d i f f e r e n t  con- 
d u c t i v i t y ,  t h e  i n s t r u m e n t  w i l l  r e a d  an i n t e r m e d i a t e  
v a l u e  as d i s c u s s e d  i n  more d e t a i l  i n  S e c t i o n  5.2. 

, *  . 

The u n i t  o f  c o n d u c t i v i t y  used i s  t h e  mil l imho p e r  meter. 
To o b t a i n  r e s i s t i v i t y  i n  ohm-meters t h e  i n s t r u m e n t  
r e a d i n g  i s  d i v i d e d  i n t o  1 0 0 0  - i . e . ,  a r e a d i n g  o f  f o u r  
mi l l imhos  p e r  meter  d i v i d e d  i n t o  1000 g i v e s  two hundred 
and f i f t y  ohm-meters. 
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T h e o r e t i c a l  c a l c u l a t i o n s  show, a s  w i l l  be q u i c k l y  e v i d e n t  
t o  t h e  o p e r a t o r ,  t h a t  t h e  r e a d i n g  o b t a i n e d  i s  e s s e n t i a l l y  
independent  o f  the  o r i e n t a t i o n  o f  t h e  in s t rumen t  w i t h  res- 
p e c t  t o  t h e  e a r t h .  There  i s ,  however,  a sma l l  dependence 
on t h e  h e i g h t  above t h e  ground;  l i f t i n g  the  i n s t r u m e n t  
from t h e  s u r f a c e  o f  a un i form e a r t h  t o  t h e  normal o p e r a -  
t i n g  h e i g h t  of a b o u t  one meter r e s u l t s  i n  a r e d u c t i o n  i n  
t h e  r e a d i n g  o f  1 2 % .  The c a l i b r a t i o n  has  been a d j u s t e d  a t  
t h e  f a c t o r y  s o  t h a t  t h e  i n s t r u m e n t  r e a d s  c o r r e c t l y  o v e r  a 
uni form h a l f - s p a c e  when worn a s  shown i n  t h e  d a t a  s h e e t .  
I f  t h e  e a r t h  i s  l a y e r e d ,  r a i s i n g  t h e  in s t rumen t  from the 
s u r f a c e  o f  t h e  e a r t h  t o  t h e  normal  o p e r a t i n g  p o s i t i o n  c a n  
r e s u l t  i n  a r e a d i n g  which s t a y s  c o n s t a n t  o r  even  i n c r e a s e s  
s l i g h t l y  w i t h  h e i g h t .  I n  g e n e r a l ,  r e a d i n g s  made w i t h  
t h e  i n s t r u m e n t  a t  h i p  h e i g h t  w i l l  be s u f f i c i e n t l y  
a c c u r a t e ,  b u t  for maximum a c c u r a c y  t h e  in s t rumen t  can  be 
l a i d  on t h e  ground as d i s c u s s e d  i n  S e c t i o n  5 . 2 .  

There  a r e  two components o f  t h e  induced  magnet ic  field 
measured by t h e  EM31. The f i r s t  is t h e  quadra tu re -phase  
component which g i v e s  t h e  ground c o n d u c t i v i t y  measurement 
as d e s c r i b e d .  The second i s  t h e  i n p h a s e  component used 
p r i m a r l y  i n  t h e  EM31 f o r  c a l i b r a t i o n  purposes .  The 
i n p h a s e  component however i s  s i g n i f i c a n t l y  more s e n s i t i v e  
t o  l a r g e  m e t a l l i c  o b j e c t s  and hence  v e r y  u s e f u l  when 
l o o k i n g  f o r  b u r i e d  metal drums. Al though t h i s  component 
h a s  been a v a i l a b l e  i n  t h e  s t a n d a r d  EM32 by o p e r a t i n g  i n  
t h e  compensat ion mode ( S e c t i o n  2 , 2 ) ,  b o t h  components a r e  
now a v a i l a b l e  i n  t h e  EM3%-D from a n  a n a l o g  o u t p u t  c o n n e c t o r  
when coup led  t o  a d u a l  c h a n n e l  r e c o r d e r .  

. *  
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DinbaJc 

TABLE 1A 

RESISTIVITIES OF IGNEOUS & METAMORPHIC ROCKS 

-- - 
Idaho 

Rocri ' I Lot- 

Porphyry,sehie- 
tosc 

Scrpcn tine 
Dioritc 

9. Australia 

Bnvnria 

In Situ 
i 

Grnphitic schist1 Xormnndy 
I 

Schists 1 Missouri 
Hnrd colc. 1 Bclgion 

schist 1 Congo 
Mica schist 'Wuhington, 

(hnrd packed); D. C. 
Quartz por- , h'cwfound- 

PbYrY 1 land 

tered) 
Kcwccnawan Michigan 

Crccnetono ' 
Porous trap- 1 '' 

rock I 

lnvns i ., 

Prc-Cnmbrian Sacdco 
C rnni tc ' Wnahingtoa 

I D. e. 
slightly SItcred j Ontario 

Msssive vein 

Diabwe i Michigan 
Serpentine Onkrio 

i .. sycni te 

quartz 

Irrunorm.  

Su nd bcr g 
Hunkel 
Ebcrt 

Edge dr 
Laby 

Eve & Key# 
Hunkel 
Lcc & Boyei 
Hunkei 
Lec 

Lcc & Uoyci 

Hunkel 

'6 

Schlum- 
bcrgcr 

Poidini 
Ccofiroy & 

Charifn 
;ish L 

Rooncy 
Kihietedt 

t totchkiss, 
eL. ai. 

Roonay 

Sundberg 
Cis& & 

Rooney 
Ki hletedt 

' 

Rooney 
Kihlstedt 

100 

D.C. 

D.C. 

D.C. 

16 

L 

1 ~: 

3.41 , 
6 .  

* .  

10-1s i '  

16 
l6 I 
16 

#x) 

m 
16 

#w3 

1.1 
.6 

3 6  
5 

-2.4 
13.7 

3 

.5 

.I 
1.3 - 
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- 
hmo. 

-- 
50 

50 

10-16 

do 

0 

D.C. 

16 

16 

16 

TABLE 1B 
RESISTIVITIES OF CONSOLIDATED SUDIMENTSU 

11' 

11 

a 
a 
3 

11 

4 
a 

1 
5 

11 

11 

a 
4' 

a 

Ch&tbnOOgb 
rhnle (Dev.) 

Shale 6 glacial 
drift 

Nonmich rhde 

10-15 

do 

10-15 

16 

I6 

16 

Bhrlo 

3 

11 

2 

3 

Clay (wet) 

Grinneld argil- 
l i b  

Grinnslld argil- 
lite 

Argillite (hair- 
eouln group); 
pre-Cambrian, 
thin-bedded, 
platy argi1Iit.e 
nsembler 
Crinnetd 

Conplomaata 
Crest eongiom- 

era& outcrop 

Cdumctdr Hech 
congtomeratei 

Sandrione 
Eutern rand- 

atone 

Eastern rand- 
rtonc 

Murchelkalk M. 

(Tricuric) 
Sandstone (Ter- 

tiary Oligo- 
cene); eoft, 
friable; ex- 
tremely fine 
Rraincd 08.; 

pale grecn to 
ycllowirh and 
but'i; eonbaina 
thin Bede sf 
lignite 

LOCAUTT 

Cent. dr routb 
I1 t i  noir 

*e 

Houghton 
Co.. Mich. 

W. Hancook, 
Mkh. 

Sulprl.vi. 

N) bec. 23, 
T32N FUOW 
Flathead 
Co., Moa- 
tans 

U 

(Water% 
Ed& 

&e. n, a 32N 
R M W ,  Flat  
head Co., 
Montane 

Eagle Harbor, 
Mich. 

Michigan 

Michigan 

U 

Lorraine 

Coal Creek 
Road, Flat 
head Co., 
Montana 

- - 
m.. 

-- 

dip 32' 

It0 
etrati 
fie.- 
tion 

J.b 
rtrikr 

dip 32. 

J t Q  
etrike 

dip 31' 

It0 
&rib 

dip - 
.I- 
mort 
0 

R a m r r r r  rw O~ISI 

10 - 
a 
6 

3., 

0.i 

8.: 
7.4 

3.r 

4. :  

7 

8.1 
9.1 
6.: 
6.' 
1.1 

I 
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TABLE 1B cont'd- 
RESISTIVITIES OF CONSOLIDATED BEDIMENTB 

Armoricrn N. 
compact Siii- 
ceour-Ordovi- 
cian 

Perruginour 
randstooe 
(Jursssic) 

Limcstmn 
Muschelkalk 11. 

(Triwic) 
Limertone with 

lenses of 
hemstits 

Musc he1 kdk 
oolitic 11. (Tri 
uric)  

Limee tone 

8iyeh Is., hard 
homo~eneoui, 
dark bluirh- 
gray, iiliaou 
m Agneaiurn 
Is,; prsCunb 

Normandy 

sri trerland 

Lorrilor 

Alpiris 

Lorr si ne 

KimiMi ppi bm 
(Miasouri) 

8W cor. ree. 6 
T29N RlSW 
Flathead 
CO., Mon- 
tan. 

Bcblum- 
k T g W  

K a -  
nip-  
krgeer 

&hlum- 
bergor 

U 

U 

Poldini 

Ed- 
mana 

D n  

dip 54' 

I t 0  
rtritr 

It0  
rtrikr 

- - 
Rw 

- 

16 

16 

16 

- 
Y Y  

1 
-- 

4 

1.2- 
4 

1.0 

3-4 

6.8-1. 
1. 
1. 

3.6 
5*4 
9 .o 
8.6 
6.9 
6.1 
8.1 - 
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2. OPERATING INSTRUCTIONS 

The EM31 can  b e  used b o t h  t o  measure t h e  e l e c t r i c a l  ' 

c o n d u c t i v i t y . o f  t h e  ground and t o  d e t e c t  bu r i ed  
m e t a l  o b j e c t s .  S e c t i o n  2 . 1  d e s c r i b e s  t h e  procedure  
f o r  measu r ing  ground c o n d u c t i v i t y  and s e c t i o n  2 . 2  
f o r  b u r i e d  m e t a l  d e t e c t i o n .  

2 . 1  - Ground C o n d u c t i v i t y  Measurements 

2 . 1 . 1  I n i t i a l  Se t -up  Procedure 

a) Using t h e  i d e n t i f y i n g  l a b e l s  on t h e  t u b e s  s e l e c t  
t h e  t r a n s m i t t e r  c o i l  t u b e ,  a l i g n  i t  w i t h  r e s p e c t  
t o  t h e  main t u b e ,  i n s e r t  i t  and f i x  i t  w i t h  t h e  clamp. 

b) Check t h e  b a t t e r y  c o n d i t i o n ,  p l u s  and minus,  by 
s e t t i n g  t h e  Mode s w i t c h  (MODE SELECTOR SWITCH) t o  t h e  
OPER p o s i t i o n  and the Range s w i t c h  t o  the  +B and -B 
p o s i t i o n s  r e s p e c t i v e l y .  If  t h e  n e e d l e  r e a d s  inside 
t h e  BATT mark on t h e  meter,  b a t t e r i e s  a r e  i n  good 
c o n d i t i o n ,  o the rwise  r e p l a c e  t h e  b a t t e r i e s  w i t h  a f r e s h  
s e t  of C s i z e  a l k a l i n e  b a t t e r i e s .  

C )  Check t h e  z e r o  r e a d i n g  by s e t t i n g  t h e  Mode s w i t c h  
t o  t h e  OPER p o s i t i o n  and t h e  Range s w i t c h  t o  t h e  
l e a s t  s e n s i t i v e  p o s i t i o n  1 , 0 0 0  mmhosjmeter ( t h i s  
min imizes  any e x t e r n a l  n o i s e  i n t e r f e r e n c e  wh i l e  
check ing  t h e  z e r o  p o s i t i o n ) .  I f  a z e r o  ad jus tmen t  
i s  r e q u i r e d  a d j u s t  t h e  DC ZERO CONTROL l o c a t e d  
under  t h e  f r o n t  p a n e l  t o  o b t a i n  a zero r e a d i n g .  
To do t h i s  t h e  b a t t e r y  pack m u s t  b e  removed t o  g a i n  
a c c e s s  t o  t h e  c o n t r o l s .  
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A l i g n  and c o n n e c t  t h e  r e c e i v e r  c o i l  tube  t o  t h e  main 
frame t u b e .  The i n s t r u m e n t  i s  now ready  t o  proceed  
w i t h  t h e  f u n c t i o n a l  checks .  

Equipment F u n c t i o n a l  Checks 

The Range s w i t c h  s h o u l d  be s e t  a t  30 mi l l imhos /meter  
p o s i t i o n  f o r  a l l  t h e  f o l l o w i n g  t e s t s .  ( I f  t h e  
r e a d i n g  i s  o f f  s c a l e ,  i . e . ,  g r e a t e r  t h a n  30 mi l l imhos /  
m e t e r ,  see n o t e . )  

S e t  t h e  Mode s w i t c h  t o  t h e  COMP p o s i t i o n  and a d j u s t  
t h e  meter r e a d i n g  t o  ze ro  u s i n g  t h e  COARSE and FINE 
COMPENSATION c o n t r o l s .  

To check  t h e  p h a s i n g  o f  t h e  i n s t r u m e n t  s e t  t h e  Mode 
s w i t c h  t o  t h e  PHASE p o s i t i o n .  Note t h e  meter r e a d i n g  
and r o t a t e  t h e  COARSE c o n t r o l  one s t e p  c lockwise .  
I f  t h e  meter r e a d i n g  remained t h e  same, t h e  p h a s i n g  
i s  a l r e a d y  correct ;  r e t u r n  t h e  COARSE c o n t r o l  t o  i t s  
original p o s i t i o n  (one s t e p  c o u n t e r  c lockwise )  and 
no f u r t h e r  a d j u s t m e n t  i s  n e c e s s a r y .  

I f  t h e r e  was a d i f f e r e n c e  i n  t h e  meter  r e a d i n g s  
t a k e n  b e f o r e  and a f t e r  t h e  COARSE c o n t r o l  was 
r o t a t e d  one s t e p  c l o c k w i s e  t h e n  a phase  ad jus tmen t  
i s  r e q u i r e d .  With t h e  COARSE c o n t r o l  i n  i t s  o r i g i n a l  
p o s i t i o n  a d j u s t  t h e  PHASE p o t e n t i o m e t e r  about  1 / 4  t u r n  
c l o c k w i s e  and n o t e  t h e  new meter r e a d i n g .  R o t a t e  
t h e  COARSE c o n t r o l  one s t e p  c lockwise ,  t a k e  a r e a d i n g ,  
and r e t u r n  t h e  COARSE c o n t r o l  t o  i t s  o r i g i n a l  p o s i t i o n .  
I f  t h e  d i f f e r e n c e  i n  me te r  r e a d i n g s  has d e c r e a s e d ,  r e p e a t  
t h e  p r o c e d u r e  u s i n g  a f u r t h e r  c lockwise  a d j u s t m e n t ,  
u n t i l  r o t a t i n g  t h e  COARSE c o n t r o l  t h e  one s t e p  
c lockwise  p r o d u c e s  no change i n  t h e  meter r e a d i n g .  

I 



EN3 1 

C >  

NOTE : 

MANUAL Page 11 

I f ,  on t h e  o t h e r  hand,  t h e  d i f f e r e n c e  i n  meter 
r e a d i n g s  was i n c r e a s e d ,  t h e  PHASE p o t e n t i o m e t e r  
s h o u l d  be r o t a t e d  i n  a c o u n t e r  c l o c k w i s e  d i r e c t i o n  
i n s t e a d  and t h e  p r o c e d u r e  d e s c r i b e d  above r e p e a t e d  
u n t i l  t h e r e  i s  no change i n  t h e  meter r e a d i n g s .  
Always remember t o  s e t  t h e  COARSE c o n t r o l  back t o  
i t s  o r i g i n a l  p o s i t i o n .  T h i s  c a n  b e  conf i rmed b y  
s e t t i n g  t h e  Mode s w i t c h  i n  t h e  COMP p o s i t i o n  and 
c h e c k i n g  t h a t  t h e  me te r  r e a d s  z e r o .  I f  i t  does  n o t  
r e a d  z e r o ,  r e p e a t  s t e p s  (a)  and  ( b ) .  

To check  t h e  s e n s i t i v i t y  o f  t h e  i n s t r u m e n t ,  s e t  t h e  Mode 
s w i t c h  t o  t h e  COMP p o s i t i o n  and r o t a t e  t h e  COARSE c o n t r o l  
c l o c k w i s e  one s t e p .  The meter s h o u l d  r e a d  between 75% 
and 8 5 %  ( 2 2  t o  26  mi l l imhos /me te r )  o f  f u l l  scalle 
d e f l e c t i o n  ( i n s i d e  b l a c k  mark) .  I t  i s  u n l i k e l y  t h a t  
t h e  s e n s i t i v i t y  of t h e  i n s t r u m e n t  w i l l  v a r y ,  however 
it may be u s e f u l  t o  r e c o r d  t h e  a c t u a l  meter r e a d i n g  
f o r  compar ison  a t  a l a t e r  d a t e .  

R e t u r n  t h e  COARSE s w i t c h  to its o r i g i n a l  p o s i t i o n  and 
t h e  EM31 i s  now r e a d y  t o  make ground c o n d u c t i v i t y  

I 

I 

measurements .  

When c o n d u c t i n g  t h e  f u n c t i o n a l  t e s t s  o v e r  grouAd 
o f  h i g h e r  c o n d u c t i v i t y  t h a n  30 m i l l i m h o s / m e t e r ,  t h e  
Range s w i t c h  s h o u l d  be s e t  a t  t h e  a p p r o p r i a t e  l l eve l .  
A t  wha teve r  l e v e l  t h e  Range s w i t c h  is i n ,  the r e a d i n g  
t a k e n  i n  (c) s h o u l d  s t i l l  be be tween  2 2  and 26 h i l l i m h o s /  
meter. 
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2 . 1 . 3  O p e r a t i n g  Procedure 

a)  Wearing t h e  ins t rument  w i t h  t h e  shoulder  s t rap  
a d j u s t e d  so t h a t  t h e  ins t rument  rests comfor tab ly  
on t h e  h i p  as shown, s w i t c h  t h e  Mode switch t o  t h e  
OPER p o s i t i o n  and r o t a t e  t h e  Range s w i t c h  so t h a t  
the  meter r e a d s  i n  t h e  upper two t h i r d s  o f  t h e  scale.  
The f u l l  scale d e f l e c t i o n  is-dow i n d i c a t e d  by t h e  
Range s w i t c h  and t h e  ins t rument  is r e a d i n g  t h e  
t e r r a i n  ' c o n d u c t i v i t y  ' d i r e c t l y  i n  mi l l imhos  p&' meter 

,. I. - ":. - ;-- - . , a  . 

b) The EM31 c a n  be  o p e r a t e d  c o n t i n u o u s l y  whi le  moving 
from one measurement s t a t i o n  t o  t h e  n e x t  however, 
t h e  i n s t r u m e n t  has  a time c o n s t a n t  of about one 
second f o r - w h i c h  t h e  o p e r a t o r  should  a d j u s t  h i s  

- .  walking  s p e e d - t o  o b t a i n  g r e a t e s t  accuracy .  - -  - ._ 

A l t e r n a t i v e l y ,  t o  e x t e n d ' b a t t e r y  l i f e  t h e  ins t rument  
c a n  be s w i t c h e d  on a t  each measurement s t a t i o n  when 
n o t  u s i n g  a r e c o r d e r .  The o p e r a t o r  w i l l  n o t i c e  t h a t  
t h e  type o f  i n t e g r a t o r  used r e s u l t s  i n  a s l i g h t  i n i t i a l  
o v e r s h o o t  of t h e  n e e d l e  a t  t u r n  on. T h i s  i s  normal ,  
and t h a t  a t l e a s t  two seconds should b e  a l l o w e d  a f t e r  
t u r n  on b e f o r e  t h e  measurement is taken .  
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2 . 2  Buried Metal D e t e c t i o n  

2.2.1 S e t - u p  and O p e r a t i n g  P r o c e d u r e  

The inphase  component o f  t h e  m a g n e t i c  f i e l d  
i s  s i g n i f i c a n t l y  more s e n s i t i v e  t o  l a r g e  m e t a l l i c  
o b j e c t s  t h a n  t h e  q u a d r a t u r e - p h a s e  component used f o r  
ground c o n d u c t i v i t y  measurements .  

a> The i n p h a s e  component i s  r e a d i l y  measured w i t h  t h e  
EM31 by s imply  t a k i n g  t h e  r e a d i n g  w i t h  t h e  Mode 
s w i t c h  i n  t h e  COMP p o s i t i o n  r a t h e r  t h a n  i n  t h e  
OPER p o s i t i o n .  

I t  i s  recommended t h a t  t h e  30 mmho/m range  be used 
s i n c e  i t  u s u a l l y  g i v e s  a d e q u a t e  s e n s i t i v i t y ,  however 
more o r  less sensitive p o s i t i o n s  o f  t h e  Range s w i t c h  
may a l s o  be used .  

To c a r r y  o u t  a survey m e a s u r i n g  t h e  i n p h a s e  component 
s e t  t h e  Mode s w i t c h  t o  t h e  COMP p o s i t i o n  and a d j u s t  
t h e  COARSE and F I X E  Compensat ion c o n t r o l s  s o  t h a t  
a meter d e f l e c t i o n  o f  a b o u t  2 0 %  o f  f u l l  s c a l e  d e f l e c t i o n  
i s  o b t a i n e d .  (The  p r o c e d u r e  o f  a d j u s t i n g  t o  20% o f  

t h e  f u l l  s c a l e  d e f l e c t i o n  r a t h e r  t h a n  t o  z e r o  i s  o n l y  
a conven ience  t o  a l l o w  f o r  n e g a t i v e  r e a d i n g s  on t h e  
m e t e r  and under  c e r t a i n  c o n d i t i o n s  a p o s s i b l e  change 
i n  t h e  r e f e r e n c e  level. 
t h e  i n s t r u m e n t  can r e s u l t  i n  a small p o s i t i v e  o r  n e g a t i v e  
change  i n  t h e  i n p h a s e  r e f e r e n c e  l e v e l ) .  

bl 

, .  
For example,  a sudden j a r  t o  

The s u r v e y  i s  t h e n  c a r r i e d  o u t  e x a c t l y  as  i f  t h e  
c o n d u c t i v i t y  were b e i n g  measured .  
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!Notes  

- 
3. 

c )  This l a c k  of a t r u e  z e r o  r e f e r e n c e  s h o u l d  n o t  
c a u s e  a n y  s e r i o u s  p r o b l e m s  s i n c e  when u s i n g  t h e  i n p h a s e  
component  o n e  i s  u s u a l l y  o n l y  l o o k i n g  f o r  b u r i e d  m e t a l l i c  
o b j e c t s .  

T h e s e  w i l l  b e  e a s i l y  r e c o g n i z a b l e  by  r e l a t i v e l y  
l o c a l i z e d  meter d e f l e c t i o n s  o c c u r i n g  e i t h e r  s i n g l y  o r  

i n  a s e r i e s  o f  r e s p o n s e s  d e p e n d i n g  on  t h e  number o f  

b u r i e d  o b j e c t s ,  t h e i r  s p a c i n g  a n d  d e p t h  o f  b u r i a l .  

( 1 1 :  The 20% o f f s e t  s h o u l d  o n l y  be u s e d  when t h e  i n p h a s e  
component  o n l y  i s  b e i n g  m e a s u r e d  c o n t i n u o u s l y .  I f  
b o t h  c o n d u c t i v i t y  ( q u a d r a t u r e  p h a s e )  and  i n p h a s e  
m e a s u r e m e n t s  a r e  b e i n g  made a t  e a c h  s t a t i o n  t h e  
p r o c e d u r e  d e s c r i b e d  i n  2 . 1 . 2  ( a >  s h o u l d  be u s e d  s o  
t h a t  a c c u r a t e  g round  c o n d u c t i v i t y  m e a s u r e m e n t s  are  
o b t a i n e d .  I f  n e g a t i v e  i n p h a s e  m e a s u r e m e n t s  a r e  o b t a i n e d  
one s h o u l d  c h e e k  t h e  i n p h a s e  r e f e r e n c e  l e v e l  a n d / o r  
the a rea  f o r  b u r i e d  me ta l l i c  o b j e c t s  o r  u t i l i t i e s .  

( 2  1 S i m i l a r l y  when t h e  Qual  c h a n n e l  r e c o r d e r  i s  b e i n g  u s e d  
t h e r e  s h o u l d  b e  n o  z e r o  o f f s e t  a s  d e s c r i b e d  i n  2 . 2 . 1  
( b )  and t h e  meter r e a d i n g  s e t  t o  z e r o  u s i n g  t h e  COARSE 

a n d  FINE c o n t r o l s  as  d e s c r i b e d  i n  2 . 1 . 2  ( a ) .  

. . A z e r o  o f f s e t  f o r  n e g a t i v e  i n p h a s e  r e a d i n g s  c a n  however 
be  a l l o w e d  f o r  o n  t h e  r e c o r d e r  by s e t t i n g  t h e  z e r o  
p o s i t i o n  o f  t h e  p e n  a t  some a r b i t r a r y  p o s i t i v e  v a l u e  
when c a l i b r a t i n g  t h e  r e c o r d e r .  

INSTRUMENT CALIBRATION 

P r i o r  t o  s h i p p i n g ,  t h e  i n s t r u m e n t  i s  c a l i b r a t e d  i n  t h e  
f a c t o r y  t o  read p r o p e r l y .  I f  n e c e s s a r y ,  c a l i b r a t i o n  
p r o c e d u r e s  a r e  e a s i l y  c a r r i e d  o u t  as  d e s c r i b e d  be low.  
IMPORTANT T h e  most  c r i t i c a l  a d j u s t m e n t  i s  t h e  Q F  
( q u a d r a t u r e  f i n e )  p o t e n t i o m e t e r  which has  b e e n  
p r e c i s e l y  a d j u s t e d  a t  t h e  f a c t o r y .  

! 
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4 .  SURVEY TECHNIOUE 

Surveying with the EM31 is straightforward. As pointed 
out in a previous section, measurements may be made 
either continuously or on a station-by-station basis. 
In either case it is always recommended, as for any 
other geophysical survey, that survey lines and measure- 
ment stations be carefully laid out, and the survey 
performed in a systematic fashion with the resulting data 
accurately plotted for each measurement station. The 
most common survey error is to have the survey lines too 
short, in which case they do not extend sufficiently far 
off the supposedly afiornalous region to permit the opera- 
tor to establish the background values of terrain conduc- 
tivi ty . 
The EM31 yields good spatial resolution and measurement 
stations should be ten meters apart if the maximum reso- 
lution is to be employed. In many cases this spacing 
will be smaller than necessary, and twenty or perhs2s 
forty meters will be adequate. The decision as to the 
correct spacing will be based on a knowledge of the 
lateral dimensions of the anticipated resistivity anomaly. 
To ensure the correct spacing it is useful, at the start 
of the survey, to continuously observe the conductivity 
values that are encountered as the operator moves down 
the survey line. 

The resolution in conductivity of the EM31 is also high, 
with changes of 58  being quickly perceived. This instru- 
ment is capable of giving an extremely precise survey 
with information on small variations in the terrain 
conductivity. 
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4 .  SURVEY TECHNIQUE ( c o n t ' d )  

I t  w a s  s e e n  i n  S e c t i o n  1 t h a t  c u r r e n t  f l o w  w i t h i n  t h e  

e a r t h  c o n s i s t s  o f  a series of c o n c e n t r i c  c i rc les ,  a s s u m i n g  
t h a t  t h e  c o n d u c t i v i t y  is  l a t e r a l l y  u n i f o r m .  T h e r e f o r e  
i n  t h e  case o f  a u n i f o r m  h a l f - s p a c e ,  r o t a t i o n  of t h e  
i n s t r u m e n t  i n  a h o r i z o n t a l  p l a n e  a b o u t  t h e  t r a n s m i t t e r  
c o i l  as a p i v o t  w i l l  p r o d u c e  no c h a n g e  i n  t h e  meter 
r e a d i n g .  C o n v e r s e l y ,  a n y  c h a n g e  i n  t h e  r e a d i n g  as t h i s  
p r o c e d u r e  i s  car r ied  o u t  i s  a n  i n d i c a t i o n  of l a t e r a l  
i n h o m o g e n e i t i e s  i n  c o n d u c t i v i t y .  I t  i s  s i m p l e r  a n d  usu-  
a l l y  s u f f i c i e n t l y  a c c u r a t e  f o r  t h e  o p e r a t o r  to  ro ta te  
t h e  i n s t r u m e n t  t h r o u g h  90° u s i n g  h i m s e l f  as  p i v o t  a t  
e a c h  m e a s u r e m e n t  s t a t i o n .  Thus  i f  t h e  l i n e s  are  i n  a 
n o r t h - s o u t h  d i r e c t i o n  t h e  operator  wou ld  n o r m a l l y  wa lk  
a l o n g  t h e  l i n e  w i t h  t h e  i n s t r u m e n t  p o i n t i n g  i n  a n o r t h -  
s o u t h  d i r e c t i o n ;  a t  e a c h  measu remen t  s t a t i o n  h e  c a n  a l so  
t a k e  a r e a d i n g  w i t h  t h e  i n s t r u m e n t  p o i n t i n g  east-west 
t o  c h e c k  t h a t  t h i s  i s  e s s e n t i a l l y  the same as  t h e  n o r t h -  
s o u t h  r e a d i n g .  I n  t h s  e v e n t  t h a t  t h i s  r e a d i n g  is s i g n i -  
f i c a n t l y  d i f f e r e n t  i t  may be w o r t h w h i l e  f o r  t h e  operator 
t o  t h e n  ro ta te  t h e  i n s t r u m e n t  to  t h e  p o i n t s  w h e r e  t h e  
c o n d u c t i v i t y  r e a d i n g  is  b o t h  a maximum a n d  a minimum, 
a n d  t o  record b o t h  v a l u e s .  The a v e r a g e  v a l u e  c a n  t h e n  
be u s e d  f o r  t h e  data  r e d u c t i o n .  

The EM31 is  somewhat s e n s i t i v e  t o  u n d e r g r o u n d  c o n d u c t o r s  
s u c h  as la rge  p i p e s ;  e tc .  T h e s e  are u s u a l l y  e a s i l y  
r e c o g n i z e d  by  t h e  l a r g e  meter f l u c t u a t i o n s  w h i c h  o c c u r  
w i t h i n  a s h o r t  d i s t a n c e ,  as  shown i n  F i g .  2 .  I n  a n  
a c t u a l  s u r v e y ,  s i n c e  t h e  n e g a t i v e - g o i n g  p e a k  is  o f t e n  
o f f - s c a l e ,  i t  i s  n o t  poss ib l e  t o  u s e  i t  t o  locate  t h e  
p i p e ;  f i n d i n g  t h e  p o i n t  h a l f  way b e t w e e n  t h e  t w o  p o s i t i v e -  
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4 .  SURVEY TECHNIQUE ( c o n t  ‘ d )  

g o i n g  peaks  a p p r o x i m a t e l y  performs t h e  same t a s k .  I t  

i s  t h e n  possible t o  a c c u r a t e l y  d e t e r m i n e  t h e  l o c a t i o n  
and s t r ike  d i r e c t i o n  ( a z i m u t h )  o f  t h e  c o n d u c t o r  a x i s  
as fol lows:  t h e  approximate l o c a t i o n  is determined a s  
a b o v e ,  a n d  a traverse i s  t h e n  made over t h e  c o n d u c t o r  
w i t h  t h e  EM31 p o i n t i n g  i n  t h e  approximate d i r e c t i o n  

o f  t h e  c o n d u c t o r  a x i s .  T h e  meter r e a d i n g  w i l l  now be 

a p o s i t i v e  maximum when t h e  i n s t r u m e n t  i s  both d i r e c t l y  

o v e r  t h e  c o n d u c t o r  and p o i n t i n g  a c c u r a t e l y  along t h e  

c o n d u c t o r  axis .  
- 

The i n s t r u m e n t  i s  r e l a t i v e l y  u n a f f e c t e d  by f e n c e s ,  o v e r -  
head power l i n e s ,  a n d  o t h e r  n e a r b y  metallic o b j e c t s .  
I n  order t o  d e t e r m i n e  w h e t h e r  t h e  r e a d i n g  i s  i n f l u e n c e d  
by s u c h  s t r u c t u r e s  t h e  operator s h o u l d  rotate  t h e  i n s t r u -  
ment t o  c h e c k  for  c h a n g e s  i n  r e a d i n g ,  b e c o m i n g  s u s p i c i o u s  
i f  a maximum db minimum o c c u r s  when t h e  i n s t r u m e n t  p o i n t s  

e i ther  p e r p e n d i c u l a r  or para l le l  t o  t h e  s t r u c t u r e .  Before 

r e c o r d i n g  t h e  measurement  t h e  operator s h o u l d  move away 

from t h e  s t r u c t u r e  u n t i l  no e v i d e n c e  o f  lateral  inhomo- 
g e n e i t y  i s  s e e n  when t h e  i n s t r u m e n t  i s  rotated.  

I t  s h o u l d  be remembered t h a t  t h e  EM31 is a n  electromag- 
n e t i c  too l  and care s h o u l d  be t a k e n  n e a r  o b v i o u s  conduc-  
t o r s  u n t i l  t h e  operator h a s  s a t i s f i e d  h i m s e l f  as t o  
t h e i r  p o s s i b l e  a f f e c t .  I n  every case t h i s  i s  d e t e r m i n e d  
by r o t a t i n g  t h e  i n s t r u m e n t  a n d  d e t e r m i n i n g  whether  there 

i s  a maximum and minimum w h i c h  appears t o  be realted t o  

t h e  s t r u c t u r e .  I f  a s t r u c t u r e  i s  g i v i n g  s u c h  an e f f e c t  

i t  i s  n o t  a d v i s a b l e  t o  take t h e  a v e r a g e  v a l u e  of  t h e  two 
r e a d i n g s  as a n  i n d i c a t o r  o f  t h e  t e r r a i n  c o n d u c t i v i t y .  
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4. SURVEY TECHNIQUE ( c o n t ' d )  

I n  g e n e r a l  t h e  c o n d u c t i v i t y  r e a d i n g s  o b t a i n e d  w i t h  t h e  
EM31 w i l l  v a r y  smoothly from o n e  r e g i o n  t o  a n o t h e r .  I n  
some cases however ,  as for example where  a w e l l  d e f i n e d  
v e r t i c a l  c o n t a c t  separates a poor c o n d u c t o r  from a very 
good c o n d u c t o r ,  edge ef fects  may be s e e n  i n  which  t h e  

r e a d i n g s  v a r y  r a p i d l y  w i t h  p o s i t i o n  and are no l o n g e r  a 

good i n d i c a t o r  o f  t h e  t e r r a i n  c o n d u c t i v i t y .  Edge effects 
may a l s o  o c c u r  w h e r e  a very good c o n d u c t o r  (a few ohm- 
meters or  less) h a s  d i m e n s i o n s  o f  t h e  order o f  t h e  i n t e r -  
c o i l  s p a c i n g ,  and a g a i n  t h e  i n d i c a t e d  r e a d i n g s  may n o t  
a c c u r a t e l y  ref lect  t h e  t r u e  t e r r a i n  c o n d u c t i v i t y .  
a n y  c i r c u m s t a n c e  w h e r e  t h e  a p p a r e n t  c o n d u c t i v i t y  var ies  
s i g n i f i c a n t l y  i n  a d i s t a n c e  w h i c h  i s  s h o r t  compared w i t h  
t h e  i n t e r c o i l  s p a c i n g  t h e  p o s s i b l e  p r e s e n c e  o f  edge ef- 
fects o r  l o c a l  s u b s u r f a c e  c o n d u c t o r s  must  be c o n s i d e r e d .  

I n  

F i n a l l y ,  p a r t i c u l a r l y  d u r i n g  mid-summer a f t e r n o o n s ,  
e lectr ical  s ta t i c  ( e l e c t r o m a g n e t i c  r a d i a t i o n  from local  
or  d i s t a n t  t h u n d e r s t o r m s )  may c a u s e - t h e  meter r e a d i n g s  
t o  become n o i s y .  T h i s  i s  u s u a l l y  e v i d e n c e d  by sudden 
f l i c k s  o f  t h e  meter n e e d l e ,  however i n  v e r y  s e v e r e  cases 
t h e  meter'may s imply wander a b o u t  a n  a v e r a g e  r e a d i n g .  
S h o u l d  t h i s \ o c c u r  i t  i s  recommended t h a t  measurements  
cease u n t i l  t h e  " s p h e r i c s "  are o v e r ,  u s u a l l y  la ter  i n  
t h e  a f t e r n o o n .  S i m i l a r l y ,  n o i s y  r e a d i n g s  may also be 

n o t e d  when making m e a s u r e m e n t s  n e a r  large  power l i n e s .  
,' 
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S .  DATA INTERPRETATION 

5.1 Uniform HaPfSDaCe 

The EM31 has been designed to operate over a range of 
resistivities from a few ohm-meters to thousands 
of ohm-meters. For smaller resistivities the instrumental 
response departs from linearity as shown in Fig. 3, where 
it will be seen that up to one hundred millimhos per meter 
the indicated Conductivity (aa) closely approximates the 
true conductivity, A departure from linearity is evident 
for true conductivity greater than one hundred millimhos 
per meter and beyond one thousand millimhos per meter the 
instrument response decreases with increasing conductivity. 
As stated in the introduction, it is generally more infor- 
mative to observe the spatial variations of terrain con- 
ductivity rather than the absolute value of conductivity 
itself. Fig. 3 shows that as long as the terrain conduc- 
tivity does not f a l l  below five hundred millimhos per 
meter (2 ohm-meters) the instrument will be adequately 
sensitive to small changes in conductivity although it 
does not read the actual value of conductivity accurately. 
If necessary, Fig. 3 can be used to correct values of in- 
dicated conductivity to actual conductivity. 

It should be noted that the graph refers to the worst 
case viz that of the uniform halfspace. If only a por- 
tion of the subsurface ground beneath the instrument is 
of high conductivity as in the case of horizontal 
layering, the influence of the high conductivity layers 
will be proportionately reduced and the indicated conduc- , 

tivity will accurately read the "apparent conductivity" 
as defined in the following section. 
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5 . 2  Multi-Layered Earth 

A geophysical model that is of particular importance is 
the horizontally layered earth, and the EM31,allows a 
very simple interpretive technique for this model. In 
order to utilize the model the terrain layering must be 
well defined and constant over a lateral distance of at 
least five meters in any direction from the instrument. 
This condition is often satisfied and this fact is res- 
ponsib.le for  the usefulness of the technique described 
herein 

Fig. 4 is a plot of " R ( Z ) " ,  a function which describes 
the cumulative relative contribution of all of the 
material below a depth 2 to the instrument reading. 
Thus if we multiply this function by one hundred (so as 

to yield percent) a l l  of the ground below a depth of 
two meters yields 59% of the response, the ground below 
three meters yields 4 7 % ,  the ground below six meters 
yields 2 9 % ,  ete., assuming that the conductivity itself 
does not vary with depth, 

The algebraic expression given on the figure illustrates 
the technique which is used to calculate the "apparent 
conductivity" that will be measured by the instrument 
for any number of layers, for any values of conductivity 
and for any thicknesses. Consider for example Fig. 5 ,  

which illustrates in cross section a buried river valley 
cut into shale and s-ubsequently infilled with glacial 
till. We wish to calculate the instrument response as 

such a structure is traversed. This is a two layer 
problem and the expression for the apparent conductivity 
reduces to: 

2' 3 
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5 . 2  M u l t i - L a y e r e d  E a r t h  ( c o n t  'd)  

The table accompanying t h e  f i g u r e  shows t h e  c a l c u l a t i o n s  
w h i c h  y i e l d  t h e  v a l u e  o f  a p p a r e n t  c o n d u c t i v i t y  a t  v a r i o u s  
t h i c k n e s s e s  o f  t h e  u p p e r  layer.  Thus as w e  traverse s u c h  
a s t r u c t u r e  we would f i n d  t h a t  t h e  a p p a r e n t  c o n d u c t i v i t y  
f e l l  from 3 2 . 6  millimhos p e r  meter a t  a large d i s t a n c e  
from t h e  b u r i e d  r i v e r  v a l l e y  t o  16 .0  m i l l i m h o s  per meter 
a t  t h e  c e n t e r  o f  t h e  v a l l e y .  

F i g .  6 i l l u s t r a t e s  a s e c o n d  s i t u a t i o n  w h e r e  now t h e  ob- 

j e c t i v e  i s  t o  locate bedrock h i g h s  w i t h i n  muskeg. T h i s  

i s  a g a i n  a two layer case and t h e  table i l l u s t r a t e s  t h e  
c a l c u l a t i o n s  t o  d e t e r m i n e  the a p p a r e n t  c o n d u c t i v i t y .  
For t h i s  c o n f i g u r a t i o n ,  i . e .  a c o n d u c t o r  o n  t o p  o f  a n  
i n s u l a t o r  and k2 a small q u a n t i t y ,  t h e  measured a p p a r e n t  
c o n d u c t i v i t y  becomes r e l a t i v e l y  i n d e p e n d e n t  o f  t h e  a c t u a l  
v a l u e  o f  t h e  c o n d u c t i v i t y  o f  t h e  lower layer ,  

! 

i For k2'< 1 ,  

I t h e  a p p a r e n t  conductivity s imply becomes a f u n c t i o n  o f  

I 

I 

t h e  t h i c k n e s s  of t h e  u p p e r  c o n d u c t i v e  l a y e r ,  i 
i F i n a l l y  a t h i r d  example is g i v e n  i n  F i g .  7 .  I n  t h i s  case 

w e  w i s h  t o  traverse a t h i c k e n i n g  g r a v e l  d e p o s i t ;  t h e  max- 
,imum t h i c k n e s s  i s  s u c h  t h a t  t h e  i n s t r u m e n t  s t i l l  r e s p o n d s  
t o  material below t h e  deposi t .  T h i s  i s  a n  example of t h e  

s i t u a t i o n  o f  a n  i n s u l a t o r  sandwiched b e t w e e n  t w o  conduc-  
tors and i s  i n e v i t a b l y  t h e  most d i f f i c u l t  geometry for  
e l e c t r o m a g n e t i c  systems t o  detect ,  as e v i d e n c e d  by t h e  

t a b u l a t e d  v a l u e s  o f  a p p a r e n t  c o n d u c t i v i t y .  Even a t  a 
t h i c k n e s s  o f  f i v e  meters ( s t a t i o n  D) there is s t i l l  s i g -  

I 

i 

' n i f i c a n t  r e s p o n s e  from t h e  till b e n e a t h  t h e  d e p o s i t  a n d  
t h i s  r e s p o n s e  t t  

h i g h .  
ids to keep t h e  a p p a r e n t  c o n d u c t i v i t i e s  
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Fig, 7 CROSS SECTION 

1.000- R U ,  1 

GRAVEL DEPOSIT 

1 Fig. 5 CROSS S4CTION BURIED RIVER VALLEY 
I * - + 

1 - - <  
- - - - - e  -- - -  i MUSKEG - e ----+A- - - 

1 BEDROCK 0.1 mrnhodm 
I 

\ \- - - 0.1 k, - - 5 0.0033 
30 

(A) aa=10 ( 1.00-0 591  (O.lOxO.59) - (O.lOxO.47) + (I. OOx0.4 7)) = 8.9 mho/m 

(B) oa=10 ( 1.00-0.59t (0.lOxO. 59) - ( 0 . 1 0 ~ 0 , 4 9  1 + (1.OOXO. 39 )) 
(C)  aa=10 (O. lOx0.59)  - (0.1OxO. .33) + ( 1 . O O x O .  33)) = 7.7 (1 

( D )  O a = 1 0  (0.10XO. 59) - (0, POxO. 2 5 )  + (1.00xO.2S)) = 6.9 (1 

= 8 . 2  a - 

I 
I 
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I 5.2 Multi-Layered Earth (cont'd) 
I 
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The three examples show how to calculate the response of 
the EM31 over a variety of geological environments. 
the instrument operates at a fixed intercoil spacing it 
is not possible to completely "sound" or evaluate differing 
conductivity layers with depth. 
to further resolve the two-layer case, however it is always 
useful to be able to calculate the apparent conductivity 
which would arise from a given multi-layer model to see 
whether that model fits the measured data. 

Since 

Section 5.3 will show how 

Fig. 8 shows the apparent conductivity over the two lim- 
iting cases of a two layer geometry where the conductivity 
contrast is very large. 
assumed to be very resistive and the figure shows the 
apparent conductivity with respect to the lower layer con- 
ductivity (assumed known) as a function of the depth below 
the surface of the lower layer, for values of k of ten and 
infinity. 
to quickly convert the measured values of apparent conduc- 
tivity to depth, and to estimate the error if the conduc- 
tivity contrast is not infinite. 

In Fig. 8A the upper layer is 

- ----- 

Thus f o r  large k the figure permits the operator 

Fig. 8B performs the same task for small values of conduc- 
tivity contrast. It should be noted that Fig. 83 plots 
the apparent conductivity with respect to the upper layer 
conductivity . 

It is stated in the data sheet that the effective depth 
of penetration of the EM31 is approximately six meters. 
Justification for this claim is shown in Fig. 8 where it 
is seen that for either a resistive (k = oD) or conductive 
(k = 0) upper layer the apparent conductivity is still 

I 
I 
i 
! 
i 

i 
1 
I 
1 
i 

1 

I 

, 
I 
j 

i 
I 

I 
I 

I 
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5 2 M u l t i - L a y e r e d  E a r t h  ( c o n t  'd )  

sa t i s fac to . r i ly  s e n s i t i v e  t o  c h a n g e s  i n  t h e  upper layer 

t h i c k n e s s  a t  s i x  meters. T h e  l i m i t a t i o n  i n  
r e s o l v i n g  f u r t h e r  c h a n g e s  i n  t h i c k n e s s  i s  imposed by 

probable v a r i a t i o n s  i n  t h e  c o n d u c t i v i t y  o f  e i t h e r  layer. 

5 . 3  Geometrical S o u n d i n g  of Two L a y e r e d  E a r t h  

It i s  possible  w i t h  t h e  EM31 t o  d e t e r m i n e  w h e t h e r  t h e  

c o n d u c t i v i t y  i n c r e a s e s  or decreases w i t h  depth by l a y i n g  
t h e  i n s t r u m e n t  OR t h e  g r o u n d ,  n o t i n g  t h e  r e a d i n g ,  a n d  
t h e n  p l a c i n g  t h e  i n s t r u m e n t  on i t s  s i d e  so t h a t  t h e  

meter face i s  v e r t i c a l  and a g a i n  n o t i n g  t h e  i n s t r u m e n t  
r e a d i n g .  The r e a s o n  for t h i s  is t h a t  when t h e  i n s t r u -  
ment i s  o n  i t s  s i d e  t h e  new t r a n s m i t t e r  a n d  receiver 
c o i l  o r i e n t a t i o n  w i t h  respect t o  t h e  earth c a u s e s  t h e  
e f f e c t i v e  d e p t h  o f  p e n e t r a t i o n  o f  t h e  i n s t r u m e n t  t o  be 

e s s e n t i a l l y  halved.  I t  s h o u l d  be n o t e d  t h a t  i n  t h i s  
c o n f i g u r a t i o n  t h e  c u r r e n t  f l s w  does n o t  e x h i b i t  t h e  cir- 
c u l a r  symmetry shown in Fig. P. 
a p p a r e n t  C o n d u c t i v i t y  i n d i c a t e d  by t h e  i n s t r u m e n t  on t h e  
ground i n  i t s  n o r m a l  o p e r a t i n g  p e s i t i o n  a n d  l e t  a ' be 

t h e  a p p a r e n t  c o n d u c t i v i t y  i n d i c a t e d  when t h e  i n s t r u m e n t  
i s  l y i n g  o n  i t s  s i d e .  

know t h a t  t h e  c o n d u c t i v i t y  i s  i n c r e a s i n g  w i t h  d e p t h  a n d  
v i c e  v e r s a .  The a b i l i t y  o f  t h e  EM31 t o  i n d i c a t e  w h e t h e r  

t h e  c o n d u c t i v i t y  i s  i n c r e a s i n g  or  d e c r e a s i n g  w i t h  d e p t h  
is o f t e n  o f  c o n s i d e r a b l e  d i a g n o s t i c  v a l u e .  

T h u s  l e t  oa be t h e  

8 

a 

I f  ua i s  greater t h a n  ua' w e  

I t  w i l l  be observed from t h e  a b o v e  t h a t  it  i s  now pos- 

s i b l e  t o  o b t a i n  two measured q u a n t i t i e s  a t  each m e a s u r e -  
ment s t a t i o n . ,  I n  ' the event t h a t  t h e  ear th  c o n s i s t s  o n l y  
o f  two l a y e r s ,  there are three unknown q u a n t i t i e s  i . e .  
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5 . 3  Geometrical S o u n d i n g  of Two Layered Earth (cont'd) 

the conductivity of the upper and lower layer and the 
thickness of the upper layer. If one of these is known 
it is possible, using the technique described above, to 
determine the other two. More importantly, when there 
is a large conductivity contrast so that the conductivity 
of either the upper or lower layer can be ignored with 
respect to the other layer then it is possible to com- 
pletely resolve the two layered earth. An example of 
the importance of this can be seen in Fig. 8 which gives 
the instrumental response as a function of upper layer 
thickness for either a resistive or conductive upper 
layer. 
know the conductivity of the lower or upper layer res- 

pectively, since both graphs are normalized with respect 
to these quantities. 
the case of a resistive upper layer or u in the case of 
a conductive u p p e r  layer can result in a substantial 
error i n  the calculated thickness of the upper layer. Any 

technique which allows us to determine the conductivity 
of t h e  more conductive layer is of considerable impor- 
tance since by definition the EM31 is most useful when 
one layer presents a significant conductivity contrast 
with respect to the other. 

In order to use these graphs it is necessary to 

An inaccurate knowledge of G~ in 

1 

Fig. 9 shows a multi-layer response diagram R ( Z ) ,  com- 
pletely analogous to- F i g .  4 but with the instrument now 
laying on the ground. Fig. 10, which presents the 
function R ' ( 2 )  as a function of depth is the same function 
as Fig. 9 but now with the instrument rotated on its side 
so that the meter face is vertical. It will be noted from 
Fig. 9 that with the instrument on the ground in its nor- 
mal operating configuration the total contribution from 

I 

i 

I 

I 
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5.3 Geometrical Sounding of Two Layered  E a r t h  (cont'dd) 

a11 ground i n  excess o f  a depth  o f  f i v e  meters i s  3 4 %  

whereas  F i g .  10  shows t h a t  w i t h  t h e  i n s t r u m e n t  l y i n g  

on i t s  s i d e  t h e  ground i n  excess of f i v e  meters causes 
a t o t a l  c o n t r i b u t i o n  of o n l y  1 7 . 5 %  o f  t h e  t o t a l  r e s p o n s e .  

T h i s  i s  t h e  j u s t i f i c a t i o n  for s t a t i n g  ear l ier  t h a t  t h e  

i n s t r u m e n t  h a s  e f f e c t i v e l y  one h a l f  t h e  d e p t h  p e n e t r a -  

t i o n  when l y i n g  on i t s  s i d e .  

p l o t  o f  t h e  r a t i o  R'/R and F i g .  10 a p l o t  o f  t h e  r a t i o  
( 1 - R 1 ) / ( 1 - R ) ,  b o t h  a s  a f u n c t i o n  o f  depth .  

P i g .  9 also  contains a 

I 

I Case 1. u and a2 comparable  and u known. It i s  

i 

1 1 I 

I shown i n  Appendix 1 t h a t  f o r  t h i s  case 

u '  

t h u s  g i v e n  a , ' ,  ffa, and a % ,  R9%R i s  c a l c u l a t e d ;  Fig.  9 

t h e n  g i v e s  t h e  t h i c k n e s s  o f  t h e  upper l a y e r  as a f u n c t i o n  
of  R ' / R ;  w i t h  t h i s  t h i c k n e s s  F i g .  9 or 1 0  i s  used t o  
d e t e r m i n e  R or  R' and t h e  second e q u a t i o n  given above  i s  
used  t o  d e t e r m i n e  u2 t h u s  f u l l y  r e s o l v i n g  t h e  two l a y e r  

case. 

C a s e  2 ,  
case Appendix 3. shows t h a t  

al and o2 comparable  and a2 known, In t h i s  

o '  a - - 9  

- 1  - 
O 2  
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5.3 Geometrical Sounding of Two Layered  E a r t h  ( c o n t ' d )  

Knowing u ' o a t  and  U2, ( l . - F ? ' ) / ( l - R )  is  c a l c u l a t e d ,  
Fig. 1 0  g i v e s  t h e  t h i c k n e s s '  and  g i v e n  t h e  t h i c k n e s s  

F ig .  9 o r  10 g i v e s  R or R '  so t h a t  t h e  second e q u a t i o n  

a '  

1' g i v e n  above  i s  used  t o  c a l c u l a t e  u 

Case 3. Upper l a y e r  r e s i s t i v e .  u much less t h a n  u 2 .  
I n  t h i s  case Appendix 1 shows t h a t  

1 

and t h e  same p r o c e e d u r e  as f o r  Case 1 above i s  used  t o  
d e t e r m i n e  t h e  t h i c k n e s s  of t h e  uppe r  l a y e r  and t h e  con- 
d u c t i v i t y  of t h e  lower l a y e r .  

Case 4 .  Upper l a y e r  c o n d u c t i v e .  much g r e a t e r  t h a n  u2. 

Again Appendix 1 shows t h a t  
1 

and t h e  c a l c u l a t i o n s  for Case 2 y i e l d  t h e  t h i c k n e s s  a n d  
t h e  c o n d u c t i v i t y  of t h e  uppe r  l a y e r .  

T o  i l l u s t r a t e  t h e  above l e t  i t  be  assumed t h a t  t h e  u p p e r  
l a y e r  i s  known t o  be 1 0  mi l l i rnhos  per meter and  t h e  EM31 
i n d i c a t e s  3.8 mil l i rnhos  p e r  meter when l a y i n g  on t h e  
ground i n  i t s  normal  c o n f i g u r a t i o n  and 6 . 5  m i l l i m h o s  p e r  
meter when l y i n g  on  i t s  side.  
t h e  c o r r e c t i o n  factor  t o  u s e  when t h e  i n s t r u m e n t  is l y i n g  
on i t s  side, shows t h a t  no  c o r r e c t i o n  is n e c e s s a r y .  

F ig .  3, which a l so  g i v e s  
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5 . 3  Geometrical Sounding of Two-Layered Earth (cont' d) 

Since the instrument has been calibrated to be operated 
at one meter above the ground both of these numbers 
must be multiplied by - 8 8  since the instrument is being 
used on the ground. 
per meter and u ' = 5 . 7  millimhos per meter. Then 

This results in ua = 3.3 millimhos 

a 

whereupon Fig. 9 shows that the thickness of the upper 
layer is 1 . 2 5  meters and R ( 2 )  = 0 . 8 2 5  whereupon 

* R'l - 3 - 3  - 10 + 0.825 x 10 = 1 a 
2 -  R 

- 
0 - u  

0 . 8 2 5  0 -  

The technique for the other cases described above is 
exactly the same. 

The calculations described above assume that the earth is 
known to be two-layered. It is possible to determine whether 
this is true by measuring the apparent conductivity with 
the EM31 elevated to various heights above the ground and 
comparing the results with a family of curves given in 
Appendix II. I f  the measured variation of apparent con- 
ductivity with height matches one of the curves, one can 
immediately calculate the conductivity of both layers and 
the thickness of the upper layer, a s  described therein. 
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6 .  CASE HISTORIES:  ELECTROMAGNETIC NON-CONTACTING GROUND 

R E S I S T I V I T Y  MAPPING 

6.1 I n t r o d u c t i o n  

T h i s  shor t  n o t e  gives some i l l u s t r a t i v e  examples o f  
s u r v e y s  t h a t  h a v e  b e e n  carried o u t  u s i n g  electromag- 
n e t i c  t e c h n i q u e s  t o  m e a s u r e  t e r r a i n  r e s i s t i v i t y .  

The i n s t r u m e n t s  employed were t h e  G e o n i c s  L imi ted  EM31 
a n d  a prototype v e r s i o n  of t h e  G e o n i c s  L i m i t e d  EM34. 
B o t h  i n s t r u m e n t s  were ca l ibra ted  t o  read t e r r a i n  c o n -  
d u c t i v i t y  i n  millimhos p e r  meter d i r e c t l y :  however i n  
some o f  t h e  case h i s t o r i e s  i l l u s t r a t e d  i n  t h i s  n o t e  
t h e  measurements  h a v e  b e e n  c o n v e r t e d  t o  r e s i s t i v i t y  
i n  ohm-meters.  

Two f e a t u r e s  w h i c h  o f t e n  l i m i t  t h e  u s e f u l n e s s  o f  con- 
v e n t i o n a l  g r o u n d  r e s i s t i v i t y  s u r v e y s  are t h e i r  h i g h  
cost a n d  i n  some r e g i o n s  ( g r a n u l a r  material,  f r o z e n  
g r o u n d )  d i f f i c u l t i e s  associated w i t h  g e n e r a t i n g  suf- 
f i c i e n t  current i n  e ground.  The u s e  o f  i n d u c t i v e  
e l e c t r o m a g n e t i c  t e c h n i q u e s  avoids both problems s i n c e  
g r o u n d  probes are n o t  r e q u i r e d .  T h i s  allows measure-  
m e n t  over a n y  type o f  t e r r a i n  a n d  greatly r e d u c e s  t h e  
t i m e  t o  perform a s u r v e y .  

Basical ly  t h e  t e c h n i q u e  c o n s i s t s  o f  e n e r g i z i n g  a small 
c o i l  a t  a n  a u d i o  f r e q u e n c y  a n d  m e a s u r i n g  the r e s u l t a n t  
t o t a l  m a g n e t i c  f i e l - d  from t h i s  c o i l  a n d  t h e  g r o u n d  
w i t h  a n o t h e r  c o i l  a f ixed d i s t a n c e  away. Theoretical  

s t u d i e s  show t h a t ,  i f  t h e  i n t e r c o i l  s p a c i n g  i s  main- 
t a i n e d  a t  a small f r a c t i o n  o f  t h e  e lec t r i ca l  s k i n  
d e p t h  i n  t h e  g r o u n d ,  a l l  o f  t h e  i n f o r m a t i o n  a b o u t  t h e  



j 
KA N U A L Page 35 z :*: 3 1 

6 . 1  Lntrot~ct~on ( c o n t ' d )  

g r o u n d  c o n d u c t i v i t y  i s  i n  the q u a d r a t u r e - p h a s e  response. 

F u r t h e r m o r e ,  t h e  q u a d r a t u r e - p h a s e  response i s  e s s e n t i a l l y  
l i n e a r l y  related t o  g r o u n d  c o n d u c t i v i t y ,  tvs p e r m i t t i n g  

an i n s t r u m e n t  d e s i g n  i n  w h i c h  t h e  o u t p u t  is cal ibrated 

t o  r e a d  c o n d u c c i v i t y  ( o r  r e s i s t i v i t y )  d i r e c t l y .  A l s o  

under  these c o n d i t i o n s ,  t h e  e f f e c t i v e  d e p t h  p e n e t r a t i o n  

of t h e  sys tem i s  d e t e r m i n e d  by t h e  i n t e r c o i l  s p a c i n g  a n d  

i s  i n d e p e n d e n t  o f  skin d e p t h  and t h u s  o f  ground c s n d u c -  
t i v i t y .  T h i s  feature g r e a t l y  s i m p l i f i e s  i n t e r p r e t a t i o n  
of s u r v e y  resul t s .  I n  order t o  vary t h e  d e p t h  t o  which 
t h e  r e s i s t i v i t y  is s e n s e d  one s i m p l y  varies t h e  i n t e r c o i l  
s p a c i n g  i n  a n a l o g y  w i t h  c o n v e n t i o n a l  r e s i s t i v i t y  s u r v e y s .  
C o n v e r s e l y  each s u r v e y  carried out a t  a f ixed i n t e r c o i l  
s p a c i n g  i s  e s s e n t i a l l y  analogous t o  a s u r v e y  c a r r i e d  out 
w i t h  c o n v e n t i o n a l  r e s i s t i v i t y  equipment  a t  a f ixed inter-  
probe s p a c i n g .  

The Geonics EM31 is a one-man por tab le  i n s t r u m e n t  de- 

s i g n e d  for e n g i n e e r i n g  g e o p h y s i c a l  a p p l i c a t i o n s  down to 
d e p t h s  o f  t h e  order  of s i x  meters. The i n t e r c o i l  s p a c i n g  

is f i x e d  a t  twelve feet ( 3 . 6 6  meters). The e f fec t ive  
p e n e t r a t i o n  referred t o  above i s  a n  a v e r a g e  v a l u e ;  i n  
those regions w h e r e  a conductive medium is t o  be located 

beneath  a r e s i s t i v e  layer  t h e  penetra t ion  depth is sub-  
s t a n t i a l l y  Larger. 

- 

The p r o t o t y p e  EM34 i s  operated a t  t w o  in terco i l  s p a c i n g s  
v i s  50  and 1 0 0  feet ,  r e s u l t i n g  i n  e f f e c t i v e  d e p t h  pene-  
t rat ions  o f  t h e  order of 7 5  and 1 5 0  feet (25 t o  50 meters) 
depending o n  t h e  i n t e r c o i l  s p a c i n g  employed for the 
p a r t i c u l a r  s u r v e y .  Operat ion of the EM34 r e q u i r e s  two 
men: however measurements  are s t i l l  taken v i r t u a l l y  as 
fas t  as t h e  team w a l k s .  
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Most of t h e  case h i s t o r i e s  i n  t h e  t e c h n i c a l  note have 
been taken w i t h  t h e  EM31;  however i n  some cases data 

f r o m  EM34 s u r v e y s  are p r e s e n t e d  i n  order t o  f u r t h e r  
elucidate t h e  features of i n d u c t i v e  e l e c t r o m a g n e t i c  
t e r r a i n  r e s i s t i v i t y  n a p p i n g .  

6 . 2  Example A: Heart L a k e ,  O n t a r i o  (EM311 

Measurement I n t e r v a l :  1 0 0  feet Over till, 

1 0  feet  over s a n d l g r a v e l  

T n i s  s u r v e y  l i n e  compares t h e  r e s u l t s  obtained w i t h  con-  
v e n t i o n a l  r e s i s t i v i t y  equipment  (Wenner array w i t h  *'a*' 
s p a c i n g s  o f  1 foot  a n d  20  feet) and t h e  Geonics EM31. 
I t  is seen t h a t  o v e r  t h e  till,  where t h e  r e s i s t i v i t y  i s  
slowly v a r y i n g ,  t h e  a g r e e m e n t  between the two t e c h n i q u e s  
is e x c e l l e n t .  I n  t h e  r e g i o n  shown as " s a n d  a n d  i n t e r -  
bedded g r a v e l "  there was a good deal o f  c o n c r e t i o n  which 
caused t h e  resistivity t o  v a r y  g r e a t l y  Gver  short d i s -  

t a n c e s  and which accounts f o r  t h e  d i s c r e p a n c y  between 
t h e  two t e c h n i q u e s .  Over t h e  till t h e  EM31 was read 

c o n t i n u o u s l y  however t h e  d a t a  was recorded, w i t h  one  
e x c e p t i o n ,  a t  e v e r y  1 0 0  feet.  The e x c e p t i o n  o c c u r r e d  a t '  
s ta t ion  7+50 w h e r e  i t  w a s  n o t e d  t h a t  a local  r e s i s t i v i t y  
h i g h  occurred; t h i s  w a s  o f  c o u r s e  n o t  o b s e r v e d  on  t h e  

Wenner a r r a y  s i n c e  measurements  were t a k e n  only at every 
1 0 0  feet. 

6 . 3  Example B: Sunnybrook P a r k  (EM31, EM341 
Measurement I n t e r v a l :  PO0 feet  

T h i s  case h i s t o r y  shows measurements  made w i t h  b o t h  t h e  
EM31 and t h e  EM34 and i l l u s t r a t e s  t h e  e f fect ive  d e p t h  
p e n e t r a t i o n  o f  t h e  two s y s t e m s .  The second s h e e t  shows 
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t h e  r e s u l t s  of e:c?andi:;g Wenner s p r e a d s  a t  s t a t i o n  4 + 0 0  

and  1 2 + 0 0 .  A t  s t a t i o n  4 i G 3  w e  would e x p e c t  t h e  EM31 t o  

r e a d  a p p r o x i m a t e l y  4 0  ohm-meters and  t h e  EM34 50 t o  6 0  

ob-mctcrs ,  w ! l i c h  I s  thc casc. At s t a t i o n  12+GO the 

r e s i s t i v i t y  i n c r e a s e s  w i t h  d e p t h  a n d  t h u s  t h e  EM31 s h o u l d  
r e a d  a r e l a t i v e l y  l o w  v a l u e  and  t h e  EM34 a h i g h e r  v a l u e  
wnich  i n c r e a s e s  w i t h  i n t e r c o i l  s p a c i n g .  T h i s  is i n d e e d  

t h e  case. 

Exazp le  C:  C a v e n d i s h  Test  S i t e  (EX311 

Measurement  I n t e r v a l :  50 fee t  

T h i s  survey., w;;ich was csrz-ied ou': over line C t o  estab- 
l i s h  t h e  o v e r b L r d e n  r e s i s t i v i c y  shows t h a t  w i t h  t h e  

e x c e p t i o n  of t h e  swaap a rea  tibe o v e r b L r d e n  i s  e x t r e m e l y  
r e s i s t i v e .  The v a l u e  of r e s i s c i v i t y  o b t a i n e d  o v e r  t h e  
swanp i s  i n  good a g r e e m e n t  w i t h  t h a t  f rom o t h e r  measure- 
n e n e s .  The e x m q l e  slso i l l u s t r a t e s  t h e  ?e r fo r r t ance  of 
t h e  i n s t r u m e n t  o v e r  z o n e s  A & B ,  b o t h  of which are small 
h i s n l y  c o n d u c t i v e  m i n e r a l i z e d  z o n e s  a n d  c a u s e  t h e  

i n s t r u m e n t  t o  read. o f f  scale. 

YcxaiapPe D: Lake Scusog  (2X32) 
Keasurement  I n t e r v a l :  5Q fee': 

T h i s  s u r v e y  i l l u s c r a t e s  t k , e  e x t r e m e l y  h i q h  r e s o l u t i o n  

a c h i e v a b l e  w i t h  t h e  i X 3 1  o r  t h e  EX54 s y s t e m s  s i n c e  
n e i t h e r  t e c h n i 5 t i e  r e q u i r e s  e l ec t r i ca l  c o n t a c t  w i t h  t h e  
Ground. R e s o l u t i o n  i r ;  c o n d u c t i v i t y  of t h e  order of 3 %  

o r  4 %  i s  e a s i l y  a c h i e v e d  a n d  c o i n p l e t e l y  r e 2 e a t a b l e  a s  
long as  t h e  t e r r a i n  r e m a i n s  unchanged.  The example a l so  
i l l u s t r a t e s  t h e  s p e e d  w i t ; ?  wh ich  a survey can  b e  c a r r i e d  
o u t .  I n  t h i s  p a r t i c u l a r  case 1 . 9  i i n e  m i l e s  of s u r v e y  
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6 . 5  Example D: ( c o n t ' d )  

w a s  pe r fo rmed  i n  s e v e n t y  m i n u t e s  w i t h  a s t a t i o n  i n t e r v a l  

o f  50 f e e t .  F u r t h e r m o r e  s i n c e  t h e  measurements  were 
a c t u a l l y  t a k e n  c o n t i n u o u s l y  any  u n u s u a l  a c t i v i t y  i n  t h e  
r e s i s t i v i t y  be tween  s t a t i o n s  would have  been  recorded. 

6 - 6  Example E:  C o o k s v i l l e / M i s s i s s a u g a ,  O n t a r i o  (EM31) 

Measurement I n t e r v a l :  25 f e e t  

T h i s  example  i l l u s t r a t e s  a s u r v e y  carried o u t  w i t h  t h e  
EX31 t o  s e a r c h  f o r  a b u r i e d  r iver c h a n n e l .  The c h a n n e l ,  
which  i s  f i l l e d  w i t h  g l a c i a l  till, h a s  been  c u t  i n t o  t h e  

Dundas s h a l e  wh ich ,  as  s e e n  from t h e  example ,  h a s  a 
r e s i s t i v i t y .  o f  t h e  order o f  2 5  to  30 ohm-meters. The 
t o t a l  t i m e  to  p l o t  o u t  t h e  p r o f i l e s  shown i n  t h e  f i g u r e  
w a s  a p p r o x i m a t e l y  255 h o u r s ,  w i t h  a measurement  i n t e r v a l  

o f  2 5  f e e t .  A s h o r t c o m i n g  of t h e  t e c h n i q u e  is  s e e n  o n  
l i n e  5 ,  where  a r e g i o n  w a s  e n c o u n t e r e d  which was so con- 
d u c t i v e  t h a t  it w a s  not possible to  t a k e  r e a d i n g s ,  

The s e c o n d  s h e e t  i l l u s t r a t e s  t h e  a p p l i c a t i o n  o f  t h e  t w o  
l a y e r  c u r v e s  to  i n t e r p r e t  t h e  s u r v e y  r e s u l t s  i n  terms 
o f  d e p t h .  

6 . 7  Example F:. D i s c o n t i n u o u s  P e r m a f r o s t  (EM311 
Measurement I n t e r v a l :  V a r i a b l e  

These  t w o  examples  w e r e  t a k e n  i n  N o r t h e r n  Canada and  
compare t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  EM31 w i t h  a medium 
f r e q u e n c y  v e r s i o n  02 t h e  Radiohm (Geon ics  EM16R) t e c h -  
n i q u e  o p e r a t i n g  a t  250 kHz.  The da t a  i n t e r v a l  is f a i r l y  

coarse, n e v e r t h e l e s s  t h e r e  is good agreemen t  between t h e  

t w o  t e c h n i q u e s  which  is  p a r t i c u l a r l y  i n t e r e s t i n g  i n  view 
o f  t h e  f a c t  t h a t  t h e  c u r r e n t  d i s t r i b u t i o n  i n  t h e  ground 
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0 . 7  Exam?le F: icont'd) 

is t o t a l l y  d i f f e r e n t  for  t h e  two systems. Furthermore 

t h e  EM31 operates a t  a f r e q u e n c y  0: approximately 40 kHz 
whereas t h e  MF Radiohm operates a t  2 5 0  kHz. 

5 . 8  E x a m p l e  G: P r e - g l a c i a l  R i v e r  V a l l e y  (EM31, EM34) 
Measurement  I n t e r v a l :  100  feet  

m'- A , , i ~  . 

v a l l e y  whose e x i s t a n c e  had been sugges ted  from water-well 
d a t a .  The s u r v e y  w a s  performed w i t h  t h e  EM34 a t  a s t a t i o n  

i n t e r v a l  of 1 0 0  feet  a n d  w i t h  i n t e r c o i l  s p a c i n g  of both 

50 a n d  1 0 0  f ee t .  

complete t h e  8 4 0 0  foot  s u r v e y  l i n e  was 15, h o u r s .  The 

same l i n e  was s u b s e q u e n t l y  s u r v e y e d  w i t h  t h e  EM31. 

s u r v e y  was performed t o  o u t l i n e  a p r e - g l a c i a l  r i v e r  

At e i t h e r  spacing t h e  time r e q u i r e d  t o  

T y p i c a l  bedrock c o n d u c t i v i t y  i n  t h e  area i s  approximately 

3 2  m i l l i m h o s  p e r  m e t e r ,  whereas a n  average value f o r  t h e  

c o n d u c t i v i t y  o f  t h e  i n f i l l i n g  g l a c i a l  till is of t h e  order 

o f  8 to 1 2  millimhos per meter. T h u s  t h e  EM34 a t  e i t h e r  

i n t e r c o i l  s p a c i n g  y i e l d s  approximately 3 0  t o  34 millimhos 
per  meter a t  t h e  v a l l e y  edges w h e r e  t h e  o v e r b u r d e n  is t h i n  

a n d  1 2  to  1 4  m i l l i m h o s  per  meter a t  t h e  v a l l e y  c e n t e r .  
T h e  EM31 y i e l d s  v a l u e s  o f  14 t o  18 m i l l i m h o s  per  meter a t  

t h e  v a l l e y  edges  ( s l i g h t l y  a f f e c t e d  by t h e  p r e s e n c e  o f  
bedrock)  a n d  approximate ly  1 0  m i l l i m h o s  per meter a t  t h e  

v a l l e y  c e n t e r .  T h e  i n t e r p r e t e d  d e p t h  o f  t h e  v a l l e y ,  based 

o n  t h e  model shown i n  t h e  f i g u r e ,  is approximately 1 2 0  

f ee t  w h i c h  is i n  r e a s o n a b l e  agreement w i t h  t h e  water-well 
d a t a  v a l u e  o f  150  f e e t ,  b e a r i n g  i n  mind t h a t  t h e  t h r e e  
sets  o f  d a t a  show t h a t  a two layer model is an over sim- 
p l i  f i c a t i o n .  

T h e  c o n d u c t i v i t y  h i g h  w h i c h  o c c u r s  between s t a t i o n  32 and 

3 8  results from a v e r y  l a r g e  p i l e  of waste furnace ash 

l y i n g  o n  t h e  s u r f a c e .  
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APPENDIX I - Formulae for Geometrical Sounding of 

In the case of a two-layered earth the apparent 
conductivity is given by: 

Two-Layered Earth 

with the instrument on the ground in i t s  normal 
operating position, and 

with the instrument on the ground on its side. 
Case 1. Therefore 

R V  
R - =  

U a 
- 6 1  - 

"3. 
U a - 1  - 

and from the first and/or second equations, w i t h  
k = a2 / o1 

Case 2 .  
is known, from equations (1) and ( 2 )  

When the conductivity of the lower layer 



D l 3  1 MANUAL Page 53 

APPENDIX I - Cont'd 

Case 2. (cont'd) 

1 - R '  
1 - R  

2 
Case 3. When the upper layer is resistive and Q 

is much greater then ul, from equations ( 5 )  and (6) 

u = u 2 R  
d 

u l z ?  u 2 R '  a 

R' 
R 

u '  
d - = -  

O 2  

and 

( 1 0 )  
? 
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APPENDIX I1 - Determination of Two-Layered Earth Geometry 
by Varying Instrument Height 

The electrical conductivity of the earth often exhibits 
horizontal layering and it is possible with the EM31 to 
determine how closely this layering can be approximated by 
a two-layered earth geometry. 

Suppose measurements made with the instrument on the ground 
have yielded different values of apparent conductivity when 
the instrument meter is (a)  face-up (i.e. the instrument is 
in normal position), and (b) vertical (i.e. the instrument 
is lying OR its side). As discussed in Section 5.3 had the 
value of apparent conductivity been the same in both posi- 
tions we would know that the earth was homogeneous, but 
the fact that the values are different for the two positions 
shows that the electrical conductivity varies with depth. 
We would now like to know whether the earth is two-layered. 

To determine this we make measurements of the apparent 
conductivity with the instrument at various heights above 
the groundl as measured by the distance between the ground 
and the nearest point of the white tube. It is suggested 
that measurements be made at increments at least as small 
as one-half meter, for an example at 0 ,  0.5, 1, and 1.5 
meters. Measurements made at smaller increments will yield 
greater accuracy, as will measurements made up to 2 meters 
height if possible. Measurements should be made both with 
the instrument in its normal position (meter face upright, 
i . e .  vertical dipoles;) and with the instrument on its side 
(meter face vertical, horizontal dipoles) since it will be 
seen from the curves that the fall-off with height for these 
two configurations is quite different and that this differ- 
ence is therefore of considerable diagnostic value in 
determining the two-layered earth characteristic. It is 
important to make the measurements of height and apparent 
conductivity as accurately as possible. 
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The curves in the two figures show the variation of 
apparent conductivity (divided by upper layer conductivity) 
for instrument height varying from 0 to 2 meters and for 
five values of upper layer thickness vis. 0.5, 1.0, 1.5, 
2 . 0 ,  and 3.0 meters. The relationship is shown for both 
vertical dipoles (meter face up, instrument in normal 
position) and horizontal dipoles (meter face vertical, 
instrument on i t s  side) 
to lower layer conductivity contrast. 

for various values of upper layer 

To use the curves one proceeds as follows: 
Place a piece of semi-transparent paper over either 
one of the graphs and on it plot the measured values 
of apparent conductivity versus instrument height t.0 

the scale used on the figures. A l s o  sketch in on the 
transparent paper at any point a horizontal or vertical 
line to insure that when the transparent paper is 
translated over the figures in step 2 it does not 
rotate. 
Translate the transparent paper vertically and hori- 
zontally (i.e. without rotation) across the various 
plots shown on the figures to see whether the data 
points can be matched to one of the curves. In the 
event that no satisfactory snatch is achieved the 
earth cannot be represented by a two-layered case. 
If a satisfactory match can be achieved, the parameters 
of the two-layered earth are immediately calculated as 
follows: suppose that the measured values of apparent 
conductivity with height are 

2.0 meters - 1 . 5  - 1.0 - 0.s - 0 . 0  - 
aa (EM31 upright) 2 0 . 7  2 0 . 7  19.3 17.1 14.1 mmho/m 

CJ' (EM31 on side) 26.0 19.0 14.3 11.2 9.0 mmho/m a 
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Upon plotting these data values to the scale of the figures 
and translating them we see that best agreement is achieved 
for an upper layer thickness of 1.5 meters and a conduc- 
tivity contrast k = 0.5. We further observe that the 
value of 20.7 millimhos per meter for aa (instrument up- 
right) corresponds to a value of Qa /. , of 0 . 6 2 .  

Since aa = 0 . 6 2  when aa = 20.7 - 
0 %  

- 0  01 = - 20.7 = _I_ 3 3 . 4  mmho/m 
0.62 

u 2  = 0 . 5  
7 

Since k = 
0 1  

. .. 62 = 0.5 x 3 3 . 4  = 16.7 mmho/m - 
and t = l.5m from the figure, 
P 

The two-layered earth is f u l l y  resolved. 

It will be observed that in some regions on these two 
figures the resolution or differentiation between the 
various curves is not very great. For example if one 
examines the curves for t = 1.0 meters, and k = 100, 5 0 ,  

or 2 0 ,  one sees that these curve pairs are almost identi- 
cal. If the process described in step 3 is carried out 

for each of these conductivity contrasts the result of 
the calculations will show that the lower layer conductivity 
and the upper layer thickness are the same, regardless of 
which of the three curve pairs are used, and that the only 
calculated parameter that will vary will be the upper 
layer conductivity which is very small. 
of t h e  well-known property of electromagnetic systems to 
accurately give both the distance to a good conductor and 

This is an example 

I I 
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the actual conductivity of the conductor but to poorly 
define the intervening resistive material. A problem in 
unambiguously matching the curves may also occur for 
larger values of upper layer thickness, where the thick- 
ness is sufficiently great to prevent accurate resolution 
of its value. 

These features notwithstanding it will be found that these 
curves are useful in (a) deciding whether the ground re- 
sembles a two-layer case and if so (b) giving a reasonably 
accurate estimate of the electrical parameters. 
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NOTE To EM31 AND EM34 USERS: 

One of the most conanon problems with the instrument is the 
contamination of bat tery contacts. 
use f ine  sand paper (&to0 o r  higher) and w i p e  several times 
over the contacts. 

To clean these contacts 

Ensure that the spring action of the bat tery holders is maintained. 
Bend holder s ides  s l i gh t ly  i f  necessary. 

July 1985. 



L 1 

\ 
1. 

GEONlCS LIMITED 
1745 Meyerside Drive, Unit 8. Mississauga. Ontario, Canada L5T 1C5 Tel. (416) 676-9580 Cables: Gconia 

EM34- 3 OPERATING INSTRUCTIONS 
b 

The f o l l o w i n g  i s  t h e  s e t - u p  and o p e r a t i n g  p r o c e d u r e  for t h e  
EM34-3 T e r r a i n  C o n d u c t i v i t y  Meter. 

1. I I n i t i a l  Se t -ud :  A t  t h e  b e g i n n i n g  o f  t h e  s u r v e y  select an 
area free  of " c u l t u r a l  i n t e r f e r e n c e "  and man-made c o n d u c t o r s  

1.1 

1.2 

_ _  - 
such as b u r i e d  p i p e s ,  b u i l d i n g s ,  power l i n e s  and steel  
r e i n f o r c e d  c o n c r e t e ,  etc. 
Having d e t e r m i n e d  t h e  c o i l  s e p a r a t i o n  t o  be used for  t h e  
s u r v e y ,  l ay  t h e  i n s t r u m e n t  o u t  on t h e  ground a c c o r d i n g l y .  
Connect  t h e  r e f e r e n c e  cable (10,20 or  4 0  meters) - o n e  
end t o  t h e  8 - p i n  c o n n e c t o r  on t h e  t r a n s m i t t e r  (Tx) c o i l  and 
t h e  other end t o  t h e  "REFERENCE" c o n n e c t o r  o n  t h e  r e c e i v e r  
c o n s o l e .  
Connect  t h e  t r a n s m i t t e r  c o n s o l e  t o  t h e  t r a n s m i t t e r  c o i l  
u s i n g  t h e  appropriate short  cable.  

1.3 P u t  t h e  "LEVEL" s w i t c h  on t h e  transmitter c o n s o l e  t o  t h e  
''NORMAL" p o s i t i o n  (see s e c t i o n  6). 

1.4 S e t  t h e  receiver and t r a n s m i t t e r  c o i l s  t o  t h e  selected c o i l  
s e p a r a t i o n  w i t h  r e d  circles on t h e  c o i l s  both f a c i n g  i n  t h e  
same d i r e c t i o n .  

t u r n  on  t r a n s m i t t e r  ("POWER/OFF" swi tch  t o  "POWER" p o s i t i o n )  . 
Check t o  see t h a t  Battery Moni tor  Meter i n d i c a t o r  i s  i n  t h e  
b l a c k  area o f  t h e  scale. Id  n o t ,  ba t ter ies  are low or are 
n o t  making proper c o n t a c t  t o  t h e  bat tery  c l i p s .  

Check c o n d i t i o n  o f  receiver battery by r o t a t i n g  receiver 
"SEPARATION" s w i t c h  t o  "BATTR p o s i t i o n  w i t h  "POWER/OFF" 
s w i t c h  i n  "OFF" p o s i t i o n  (see s e c t i o n  5 . 2 ) .  

1.5 Set t r a n s m i t t e r  "SEPARATION" s w i t c h  t o  selected v a l u e  and 

1.6 

1.7 

1.8 Set r e c e i v e r  "SEPARATION" s w i t c h  t o  selected v a l u e .  

2 .  f E l e c t r o n i c  Nul l in$ :  
c i r c u i t r y .  

t o  remove any offsets  i n  t h e  o u t p u t  (DC) 

2.1 

2.2 Turn on receiver ("POWER/OFF" s w i t c h  t o  "POWER" p o s i t i o n ) .  

P r i o r  t o  t u r n i n g  r e c e i v e r  on i n s u r e  t h a t  meters read z e r o  by 
a d j u s t i n g  m e c h a n i c a l  meter z e r o  c o n t r o l .  

2 .3  With  r e c e i v e r  c o i l  d i s c o n n e c t e d  depress " N U L L  MODE" push 
b u t t o n  s w i t c h .  Both meter n e e d l e s  s h o u l d  go t o  z e r o .  

REVEED 
November,l980 
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2.6 
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3.1 

3 . 2  

3 . 3  

4 ,  

4 , l  

4 . 2  
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If either needle is not a t  zero reading, release the lock 
on the appropriate "NULL" control  potentiometer, W i t h  
"NULL MODE" switch s t i l l  depressed adjust  the "NULL" control  
to zero the meter, 
Lock the "NULL" control .  
Connect the receiver c o i l  to the receiver  console "COIL" 
connector v i a  the appropriate short cable.  

Receiver Compensation and Gain Check 

Maintaining the r e c e i v e r  and transmitter c o i l s  i n  the same 
plane adjust  the c o i l  separation t o  obtain zero reading (centre 
of green area) on the "COIL SEPARATION" meter. (Insure t h a t  
red c i r c l e s  on c o i l s  face i n  the same d i r e c t i o n ) .  The coil 
separation should now measure the selected value and allow 
from 2-4 meters of s l a c k  reference cable  between the hooks . 
which attach t o  the console leather cases.  
W i t h  the "SENSITIVITY RANGE" s w i t c h  s e t  t o  the 300 millimho/ 
meter position move the r e c e i v e r  c o i l  toward the transmitter 
u n t i l  the "COIL SEPARATION" meter d e f l e c t s  t o  f u l l  s c a l e  mark. 
Measure the distance t h a t  the r e c e i v e r  c o i l  has moved. This 
distance should be 1 0 . 4 %  of i n t e r c o i l  spacing. 

1Taking a Reading1 : the instrument is now operational, reading 
apparent terrain conductivity  d i r e c t l y  i n  millimhos/meter i n  
either the horizontal or v e r t i c a l  dipole  mode. 
A t  each measurement s t a t i o n  the transmitter operator positions 
himself and remains s t a t i o n a r y ,  The receiver operator should 
position the receiver c o i l  such t h a t  the "COIL SEPARATION" 
meter i s  i n  the green area.  
The "SENSITIVITY RANGE" s w i t c h  should be s e t  t o  the posit ion 
which positions the"C0NDUCTIVITY"readhg i n  the upper 70% of 
the s c a l e .  The meter reading should then be recorded i n  
millimhos/meter. (The "SENSITIVITY RANGE" switch s e t t i n g  i n d i -  
cates f u l l  s c a l e  meter reading) . 
NOTE: I n  order to minimize reading errors particularly on 
the most s e n s i t i v e  s e t t i n g s  it i s  necessary to keep the 
receiver and transmitter consoles separated from their respec- 
t i v e  co'ils by 0 . 7  - -1.0 meter. 

- 

5 ,  !Periodic Daily Checks1 

5.1  Nulling: To make sure t h a t  any possible  d r i f t  i s  kept under 
control,  we suggest t h a t  you repeat the electronic null ing 
procedure (steps 2.1 to  2 . 6 )  a t  l e a s t  once per day during 
the survey, 

5 . 2  Receiver Battery Check: The receiver  battery t e s t  i s  done 
simply by switching the "SEPARATION" switch to "BATT" position 
and power switch t o  "OFF" posit ion.  The meters w i l l  indicate 
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5 . 3  

6. 

7 .  

t h e  c o n d i t i o n  o f  t h e  two sets Of r e c e i v e r  batteries.  If 
t h e  i n d i c a t o r  i s  below t h e  m a r k i n g s  replace t h e  batteries,  
or see t h a t  t h e  bat tery  c o n t a c t s  are clean. 
With  new batteries,  meter r e a d i n g  c o u l d  be on t h e  upper 
l i m i t  o f  t h e  scale. 
T r a n s m i t t e r  Batteries:  W i t h  t h e  Tx c o i l  c o n n e c t e d  and t h e  
"LEVEL" s w i t c h  i n  t h e  "HIGH" p o s i t i o n ,  n e e d l e  of t h e  B a t t e r y  
Monitor  Meter s h o u l d  be in t h e  b l a c k  area o f  t h e  scale. 
Keeping t h e  t r a n s m i t t e r  batteries warm i n  c o l d  weather w i l l  
improve bat tery  lifetime. 

I T r a n s m i t t e r  Output  PowerJ  

As earl ier  mentioned t r a n s m i t t e r  o u t p u t  power should be 
kept a t  t h e  "NORMAL" level  f o r  i n c r e a s e d  battery l i f e .  Under 
v e r y  n o i s y  c o n d i t i o n s  (power l i n e  or spherics) t h e  t r a n s m i t t e r  
power should  be i n c r e a s e d  by s w i t c h i n g  t h e  "LEVEL" s w i t c h  t o  
"HIGH" p o s i t i o n .  

! Instrument  C a l i b r a t i o n ]  

P r i o r  t o  l e a v i n g  t h e  fac tory ,  t h e  i n s t r u m e n t  i s  c a l i b r a t e d  
t o  read correct ly  b u t  due t o  i t s  high s e n s i t i v i t y  f ine  
a d j u s t m e n t  o f  t h e  i n s t r u m e n t  i n  the f i e l d  may be h e l p f u l ,  
p a r t i c u l a r l y  i n  r e g i o n s  o f  low c o n d u c t i v i t y  and where  t h e  
c o n d u c t i v i t y  values are known t o  a good d e g r e e  of conf idence .  
NOTE:  As a p r e c a u t i o n a r y  move t h e  r e a d i n g s  and exact loca- 
t i o n  should  be recorded p r i o r  to making any a d j u s t m e n t s  so 
t h a t  if t h e  c o r r e c t i o n  i s  found t o  be u n s a t i s f a c t o r y  t h e  

. o r i g i n a l  s e t t i n g s  c a n  be recovered w i t h o u t  r e t u r n i n g  t h e  
i n s t r u m e n t  t o  t h e  factory. 

7.1 Having decided w h a t  t h e  new r e a d i n g  s h o u l d  be t h e  i n s t r u m e n t  
''zero" c a n  be a d j u s t e d  by c o n t r o l s  i n s i d e  t h e  r e c e i v e r  con- 
sole.  To g a i n  access t o  these c o n t r o l s  remove t h e  r e c e i v e r  
c h a s s i s  from i ts  metal cover by undoing t h e  two s i d e  screws 
and b a t t e r y  l i d .  

7 . 2  The  "zero" a d j u s t m e n t  p o t e n t i o m e t e r s  are l o c a t e d  on p r i n t e d  
c i r c u i t  board No.5 - o n e  p o t e n i o m e t e r  for e a c h  c o i l  separa- 
t i o n .  * 

- 

10 meters - R15 
20 meters - R14 
4 0  meters - R13 

7 - 3  The appropriate potentiometer s h o u l d  t h e n  be a d j u s t e d  to 
give t h e  d e s i r e d  meter r e a d i n g .  
NOTE: Each  c o n t r o l  s h o u l d  be a d j u s t e d  o n l y  w i t h  t h e  
c o r r e s p o n d i n g  coil s e p a r a t i o n .  

7 . 4  A f t e r  a d j u s t i n g  any o f  t h e  "zero" controls  check  t h e  Elec- 
t r o n i c  N u l l  ( s e c t i o n  2 ) .  Re-Null  if n e c e s s a r y  and repeat 
" z e r o " a d j u s t m e n t .  

- 
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7.5 The switch with positions "I?" (nomall and ""R" (reversed), 
which is not shown on the accompanying illustration, is 
used to reverse the meter deflection. This switch is 
operated when the meter deflects negatively as may occur 
when traversing vertical dikes. 



. -  . EM34-3 INSTRUMENT SPECIFICATIONS 

Measured Q u a n t i t y  

Range o f  C o n d u c t i v i t y  

I n s t r u m e n t  Noise Level 
Measurement A c c u r a c y  
Measurement P r e c i s i o n  
Primary F i e l d  S o u r c e  
S e n s o r  
I n t e r c o i l  S p a c i n g  

Power S u p p l y  

R e f e r e n c e  Cable 

Dimens ions :  
Receiver C o n s o l e  
Receiver C o i l  

T r a n s m i t t e r  C o n s o l e  
T r a n s m i t t e r  Coil 

W e i g h t s :  
R e c e i v e r  C o n s o l e  
Receiver C o i l  

T r a n s m i t t e r  C o n s o l e  
T r a n s m i t t e r  Coil 
S h i p p i n g  W e i g h t  

A p p a r e n t  c o n d u c t i v i t y  o f  the g r o u n d ,  
i n  m i l l i m h o s  per meter (divided i n t o  
1 0 0 0  gives ohm meters) 
0 - 3 ,  1 0 ,  3 0 ,  1 0 0 ,  300 m i l l i m h o s  p e r  
meter 
Less than 0.2 m i l l i m h o  per meter 
2 5 %  at 20 m i l l i m h o s  per meter 
5 2 %  o f  full scale  d e f l e c t i o n  
S e l f - c o n t a i n e d  d i p o l e  t r a n s m i t t e r  
S e l f - c o n t a i n e d  d ipole  receiver 
I n t e r c h a n g e a b l e  1 0  meters, 20  meters 

o r  40 meters 
T r a n s m i t t e r :  8 s i z e  D ce l l s  
Life:  20 hrs c o n t i n u o u s  dut~"~ lORMie iL"  
L i f e :  7 hrs c o n t i n u o u s  duty-"fIPGH" 
Receiver: 8 size C c e l l s  
Life: 2 0  hrs c o n t i n u o u s  
L i g h t w e i g h t  2 w i r e  s h i e l d e d  cable 

19.5 x 13.5 x 2 6  c m  (7.7 x 5.3 x 10.2") 
63 c m  ( 2 5  i n c h e s  diameter) 

15 x 8 x 26 c m  (5.85 x 3 . 1 5  x 1 0 . 2 " )  
6 3  cm ( 2 5  i n c h e s  d i a m e t e r )  

3.1 kg (6.83 Ibs) 
3.2 kg (7 lbs)  

3 . 0  kg (6.62 l b s )  

7 . 0  kg ( 1 5  lbs) 
41 kg (91 lbs) 
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I. INTRODUCTION 

The measurement of terrain resistivity to map geology has been 
utilized for over half a centwy, Several shortcomings, however, 
lave prevented this technique from being widely accepted for en- 
gineering purposes. The first of these is that conventional galvanic 
resistivity surveys require a relatively large amount of manpower to 
execute and are thus expensive. Secondly, the actual value of resis- 
tivity itself is seldom diagnostic; it is the lateral or vertical variations 
of resistivity which form the basis of any interpretation. However 
the high cost of resistivity surveying generally means that fewer 
measurements are made than would be desirable, with the result 
that either (i) the survey area is not made large enough to establish a 
reasonable background against which the anomalous areas are to be 
delineated or (ii) the anomalous area itself is obscure and lacks 
definition. 

An additional problem inherent to conventional resistivity tech- 
niques is that although the effective depth of exploration is deter- 
mined by the selected inter-electrode spacing, resistive in- 
homogeneities which are small compared fo this depth but which are 
located near the potential electrodes can cause a significant error in  
the measurement. Such fluctuations in the measured results are 
truly geological “noise” because it is not possible to determine the 
physical size, resistivity contrast, or location of the source. As a 
result of such inhomogeneities resistivity profiles carried out at 
constant interelectrode spacing tend to be noisy, limiting the resol- 
ution in resistivity that can be achieved, even though the in- 
strumentation itself is capable of producing much higher accuracy. 

It was an awareness of both the advantages of resistivity for 
engineering geophysical surveys and the disadvantages of conven- 
tional resistivity techniques that led Geonics Limited to examine the 
possibility of employing electromagnetic (inductive) techniques as 
an alternative for resistivity surveys. With the development of the 
EM31 and the E M 3 4 3  it is now possible to map terrain conductivity 
virtually as fast as the operator(s) can walk; furthermore the sample 
dolume is averaged in such a manner as to yield unexcelled resolu- 
tion in conductivity. 

These patented instruments have been designed to cover the 
range of depths generally useful for engineering geophysics; the 
E M 3  1, one-man portable, has an effective depth of approximately 6 
meters and the EM3-4-3, two-man portable, has stepwise selectable 
depths from 7.5 meters to a maximum of 60 meters. 

Typical applications for the EM31 and E M 3 4 3  instrumentation 
are: 

(i) Delineating regions of permafrost (frozen pore water) 
(ii) Locating gravel 

(iii) Extending known gravel deposits 
(iv) Mapping saline intrusions 
(v) Detecting cavities in carbonate rocks 

(vi) Mapping pollution plumes in groundwater 
(vii) Mapped bedrock topography 

(viii) Mapping terrain conductivity for electrical grounding 
(ix) General geological mapping (soil types, fault and fracture 

(x) Archaeological exploration 
(xi) Locating pipes (EM31) and metallic-type conductors 

This technical note describes both the principles and the in- 
strumentation employed to measure terrain conductivity using 
electromagnetic techniques at low induction numbers. For a de- 
tailed discussion of the concept of terrain resistivitylconductivity 
and of the various factors that control this parameter the reader is 
referred to Geonics Limited Technical Note “Electrical Conduc- 
tivity of Soils and Rocks”. 

zones, etc.) 

11. PRINCIPLE OF OPERATION 

The application of electromagnetic techniques to the measure- 
ment of terrain resistivity. or more properly, conductivity* is not 

*Conductivity is preferred with inductive techniques since the response is 
generally proportional to conductivity and inversely proportion& to resis- 
tivity. 
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FIGURE 1. induced current flow (homogeneous halfspace). 

new and excellent descriptions of this technique are given in the 
literature [ I ] ,  [2]. 

Consider Figure 1 in which a transmitter coil Tx energized with an 
alternating current at an audio frequency, is placed on the earth 
(assumed uniform) and a receiver coil Rx is located a short distance 
s away. The time-varying magnetic field arising from the alternating 
current in the transmitter coil induces very small currents in the 
earth. These currents generate a secondary magnetic field H, which 
is sensed, together with the primary field, H,, by the receiver coil. 

In general this secondary magnetic field is a complicated function 
of the intercoil spacing s, the operating frequency, f, and the ground 
conductivity u. Under certain constraints, technically defined as 
“operation at low values of induction number” (and discussed in 
detail in the appendix) the secondary magnetic field is a very simple 
function of these variables. These constraints are incorporated in 
the design of the E M 3  1 and E M 3 4 3  whence the secondary magnetic 
field is shown to be: 

where H, = secondary magnetic field at the receiver coil 
H, = primary magnetic field at the receiver coil 

w = 27rf 
f = frequency (Hz) 

po = permeability of free space 
u = ground conductivity (mholm) 
s = intercoil spacing (m) 
i = J z i  

The ratio of the secondary to the primary magnetic field is now 
linearly proportional to the terrain conductivity, a fact which makes 
it possible to construct a direct-reading, linear terrain conductivity 
meter by simply measuring this ratio. Given HJH, the apparent 
conductivity indicated by the instrument is defined from equation 
(9)as 

The MKS units of conductivity are the mho (Siemen) per meter or, 
more conveniently, the millimho per meter. 

in. INSTRUMENTATION 

The EM31 (shown in Figure 2) has an intercoil spacing of 3.7 
meters, which yields an effective depth of exploration of about 6 
meters. The instrument can also be operated on its side, in which 
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TARIE I .  Exploration depths for EM34-3 31 bartous intercoil 
4p3c I ngs 

FIGURf. 2. EM?]  in field operation 

case a4 will be seen in Section IV.. the effective depth of exploration 
is reduced to approximately 3 meters. The instrument is one-man 
portable and can be used either in "\;tation-by-station" mode or 
read continuously. The presence o f  layering in the earth can be 
detected by raising the instrument and noting the readings as a 
function of instrument height. If the earth is two-layered the con- 
ductivity of both layers and the upper layer thickness can be 
resolved. 

The EM14-3 which is two-man portable has the two coil!, flexibly 
connected 1 Figure ?). The intercoil .;pacing is measured electroni- 
sally 30 that the receiver operator simply reads a meter to accuritely 
set the coils 6 0  the correct spacing. which can be IO. 20. or 40 meters 
so as to directly vary the effective depth ofexploration as shown in 
Table I .  

FIGURE 3. EM343 in field operation. 
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To meahure terrain conductivity the transmitter operator stop4 at 
the measurement \tarion: the receiver operator moves the receiver 
coil backw;rrds or forwards unt i l  his meter indicates correct intercoil 
spacing and he read., the terrain conductivity from a \econd meter. 
The procedure takes 10 to 20 seconds. The coils are normally 
carried with their planes vertical (horizontal dipole mode) hince in 
this configuration the measurement is relatively insensitive to mi>- 
alignment ofthe coils. I n  the event that the greaterdepth of  penetra- 
tion-resulting when the Iwo coils are in the vertical dipole mode is 
&\ired, more care must be taken with intercoil alignment. Because 
of the relatively short intercoil spacing correct alignment is usually 
not difficult to achieve. 

Borh instruments are calibrated to read terrain conductivity in 
millimhos per meter. To convert these readings to resistivity ( i n  
ohmmeters) one \imply divides them into 1.O00, i.e. 50 millimhos 
per meter is the equivalent of 20 ohmmeters. 

IV. SURVEY TECHNIQUES AND INTERPRETATION 

For either the EM31 or EM343 it can be shown that in a homo- 
geneous or horizontally stratified earth the current flow is entirely 
horizontal. Furthermore under the constraints by which the instru- 
ments are designed the current flow at any point in the ground is 
independent of the current flow at any other point since the magnr 
coupling between all current loops is negligible. Finally. under th\ 
constraints the depth of penetration is limited only by the intercoil 
spacing. We say that the depth of penetration is "source" or 
"geometry" limited rather than '"skin depth" limited since it is now 
controlled by the fall-off with distance of the dipolar transmitter 
field, For this reason all dimensions are normalized with respect to 
the intercoil spacing in subsequent sections of  this technical note. 

IV. 1. Instrumental Response as a Function of Depth (Homogeneous 

Consider a homogeneous halfspace on the surface of which is 
located an EM31 or an EM343 transmitter as shown in Figure 4. 
Fixing our attention on a thin layer of thickness dz at depth z (where 
z is the depth divided by the intercoil spacing s) it is possible to 
calculate the secondary magnetic field in the receiver coil arising 
from all of the current flow within this or any other horizontal thin 
layer. One can thus construct the function &(z) shown in Figure 4 
which describes the relative contribution to the secondary magnetic 
field arising from a thin layer at any depth z. We see from this figure 
that material located at a depth of approximately 0.4 s gives maxi- 
mum contribution to the secondary magnetic field but that material 
at a depth of 1.5s still contributes significantly. It  is interesting to 
note that the ground at zero depth, Le. the near surface material. 

Halfspace) 

0. I., 
'i- 

FIGURE 4. Relative responbe versus depth for vertical dipoles. O,(z) is the 
relative Contribution to H, from material in a thin layer dt located at (nor- 
malized) depth z. 



make4 ;I cery \mall contribution to the secondary magnetic field and 
therefore t h i 4  coil configuration is in\ensitive to changes in near 
4urface conductivity. 

Figure 5 illurtrate4 the function of  Figure 4 for the case of  both 
tritn4mitter and receiver dipoles horizontal coplanar rather than 
vertical coplanar. For the coil configuration of Figure 5 (commonly 
u4ed for the EW4-3 4ince it i4  le4s critical to intercoil alignment) the 
relatiLr contrihution from material near-surface is large and the 
response falls off monotonically with depth. 

.4 comparison of the function d for both coil configurations in 
Figure 6 emphasize4 the different manner in which they respond to 
material at different depths. The difference is important since either 
instrument can be rolled over so that the vertical dipole transmit- 
terheceiver geometry becomes a horizontal dipole transmitterhe- 
ceiver geometry and vice versa. As will be seen later, this feature is 
useful in diagnosing and defining a layered earth. The figure also 
shows that for regions greater than one intercoil spacing in depth the 
vertical transmitterlreceiver dipole gives approximately twice the 
relative contribution of the horizontal transmitterlreceiver dipole. 

To summarize, with either horizontal or vertical transmitterire- 
ceiver dipole orientation it is possible to construct a function which 
gives the relative response to the secondary magnetic field at the 
receiver from a thin layer of ground at any depth. That this is 
possible arises from the fact that ( i )  all current flow is horizontal and 
‘ i i )  all current loops are independent of all other current loops. It  
should be noted that it is not possible to construct such functions for 
conventional r e s i d  vi t y techniques. 

Finally. since as shown in Section I I  the definition of apparent 
conductivity is given in terms o f  the secondary magnetic field at the 
receiver. the functions in Figure 6 also give the relative contribution 
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from material at different depths to the (ipplirenr coiidiccri~~iry indi- 
cated by the inhtrument meter. The integral of either function from 
zero to infinity gives the total \econdary magnetic field at the re- 
ceiver coil from a homogeneou4 halfspace which t *  directly related 
t u  the electrical conductivity of the halfywce h! equation ( 1  I .  I t  is 
therefore po4sihle to \:ate b i t h  great preciwn the relative inctuence 
of material at different depths to the indicated appai-ent conductiv- 
Ity. 

I\’. 2. Multi-Layered Earth Response 
The functions \hewn in Figure 6 are useful for de4cribing the 

relative sensitivity ofeither of the two coil configwittion\ to material 
at varioub depths. However a function derived from them is more 
weful for performing calculations. I t  is defined as the reliitive con- 
tribution to the secondary magnetic field or apparent conductivity 
from all material below a depth z and is given by 

Called the cumulative response. this function is illustrated in 
Figure 7 for vertical coplanar transmitter/receiver dipoles. The 
figure shows. for example, that for this configuration all material 
below a depth of  two intercoil spacings yields a relative contribution 
of  approximately 0.25 (;.e. 25%) to the secondary magnetic field at 
the receiver coil. 

Suppose now that our homogeneous halfspace has a conductivity 
of  20 millimhos per meter (50 ohmmeters). The equipment having 
been calibrated according to equation (2) .  the output meter indicates 
20 millimhos per meter. From Figure 7 we observed that the material 
below two intercoil spacings contributed 25% to the secondary 
magnetic field and therefore 25% to the indicated meter reading. 
Suppose that we replace this deep material with an infinitely resis- 
tive (zero conductivity) substance. Since we have reduced to zero 
the 25% that this material contributed to the meter reading the new 
reading will be 75% of 20, or I5 millimhos per meter. Conversely. if 
we leave all of the material below two intercoil spacings at 20 

FIGURE 6. Comparison of relative responses for vertical and horizontal 
dipoles. 

0 5  10 15 
0 

0 

FIGURE 7. Cumulative reywnse versu depth for bertical dipoles R,(z) 
is the relative contribution to H, from all material below a (normalized) 
depth z. 
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FIGURE 8. Two layer earth model. 

millimhos per meter but make all material above two intercoil spac- 
ings infinitely resistive the meter reading will fall from the original 20 
millimhos per meter for the homogeneous half space to 5 millimhos 
per meter, since, if all of the material below two intercoil spacings 
contributed 25% of the meter reading. all of the material above two 
intercoil spacings must contribute 75%; when removed the meter 
reading becomes 0.25 x 20 or 5 millimhos per meter. 

From this example we see that there is a simple way to calculate 
the instrument reading on an arbitrarily layered earth as long as the 
intercoil spacing is much less than the skin depth in all of the layers. 
We simply add the contribution from each layer independently, 
weighted according to its conductivity and depth according to Fig- 
ure 7 .  For example assume that we have a two-layer case as shown 
in Figure 8. The contribution from the upper layer is given by 

0. = - R V ( 4 l  (4a) 

since all of the material below zero depth yields a relative contribu- 
tion of unity or 100% to the meter reading. Conversely all of the 
material in the lower layer adds a contribution given by 

and the actual instrument reading will therefore be the sum of these 
two quantities 

If  the earth is three-layered as shown in Figure 9 the same proce- 
dure is employed to determine the instrumental response. In this 
example the calculations are performed for different middle layer 
thicknesses. 

I I 
4-0- 

U, = 2QmS/m I zl= 0.; I 
zt= 1.0, I.5 

at = 2 mS/m 

a1 = 20mS/m 

Qo = ~,[I -R(r i ) ]+Q~(R(t , ) -R( t , ) ]  +4R(X,) 

Z,=l.O, 00 = 2Q(1-0.70] +2[O.To-O+4]+2OXO,44 =lS~3mmho/m 

2 )  = l 3 ,  00 = X,[I-O?0]+2 [ O ~ T o - O ~ 3 2 ] + 2 O X 0 ~ 3 2  = 13.2mmho/m 

FIGURE 9. Calculation of response to three layer earth -center layer thick- 
ness varying. 

The ease with which such calculations are performed facilitates 
survey preparation and interpretation. It is sometimes possible io 
make advance estimates of the electrical properties of the materials 
to be encountered during asurvey or, alternatively, once on-site t b  
operator can obtain the same information from sample measure 
ments ofthe different matenals. The procedures outlined above are 
then employed to estimate the apparent conductivity measured 
under various terrain conditions. Examples of such calculations for 
the EM31 are shown in Figure 10. As is seen in the appendix the 
algebraic expressions for $ 4 ~ )  and R(z) are very simple and are 
easily programmed on hand held calculators. 

In Figure 10 the vertical dimensions are greatly exaggerated with 
respect to the horizontal dimensions. The question arises as to what 
degree of lateral uniformity is required before the earth can be 
considered as honzontally stratified or homogeneous. Survey ex- 
perience indicates that if the ground conductivity does not 
significantly vary with horizontal distance within a radius of one 
intercoil spacing from the instrument the ground can be considered 
to be laterally uniform. 

The above discussion referred to the use of vertical transmit- 
terlreceiver dipoles; it is equally possible to construct a cumulative 
response function for the horizontal coplanar dipole configuration 
and Figure I 1  illustrates this function for both coil configurations. A 
comparison of the two curves illustrates that the vertical dipole 
mode of operation has approximately twice the effective explora- 
tion depth of the horizontal dipole mode. 

IV. 3. Comparison with Conventional Resistivity Techniques 
Many readers will be familiar with the two-layer curves employed 

to interpret data from conventional resistivity surveys using a Wen- 
ner array of four equally spaced electrodes. Using the techniques 
described in the previous section it is a simple matter to calculate 
two-layer curves for the electromagnetic technique; Figure 12 
shows such curves for both the vertical and horizontal dipole 
configurations superimposed on standard Wenner curves. The gen 
era1 shape is similar but there are marked differences in detail. Foi 
vertical coplanar transmitterlreceiver dipoles we see that when the 
substrate is the more resistive the response of the two systems is 
similar; however when the substrate is the more conductive the 
electromagnetic technique sees deeper in that the influence of the 
substrate, for a given conductivity contrast, is felt at smaller inter- 
coil spacing than inter-electrode spacing. This is a general charac- 
teristic of electromagnetic systems which prefer to look through an 
insulator to a conductor rather than through a conductor to an 
insulator. 

For the horizontal dipole configuration if the lower layer is the 
more resistive the effective exploration depth of the inductive tech- 
nique is slightly less than the Wenner array; however, once again, I n  
the case where the lower layer is the more conductive the explora- 
tion depth of the inductive technique is substantially greater. 

IV. 4. Rcsolutlon of Two-Layered Earth by Varying Intercoil 

The principal advantage of the inductive electromagnetic tech- 
nique over conventional resistivity lies in the speed and accuracy 
with which lateral changes ofterrain conductivity can be measured. 
However this technique can also be used to measure the vertical 
variation of conductivity by expanding the intercoil spacing in a 
manner analogous to that in which the electrode spacing is expanded 
in conventional resistivity sounding techniques. The current state- 
of-the-art, however, is such that relatively few intercoil spacings 
can be employed; for example the EM343 can be operated with an 
intercoil spacing of 10, 20 or 40 meters. This feature is somewhat 
mitigated by the fact that the instruments can be used in either the 
vertical or horizontal dipole modes which, as shown in a previous 
section, exhibit different sensitivity to various depths thus yielding 
more information than would be available by simply using three 
spacings with one coil orientation. 

To interpret a two-layer geometry the two-layer curves for both 
dipde configurations are superimposed on a common plot as shown 
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FIGURE I I .  Cumulative resmnse versus depth for vertical and horizontal 
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FIGURE 10. EM31 calculated response acros  various geological features, 
wing R (Z) corrected for instrument operation at waist (1 meter) height. 
Con separation 6 = 3.67 meters. 

FIGURE 12. Comparison of Wenner array and inductive electromagnetic 
sounding curves for a two layer earth. 
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FIGURE 13. Two layer earth response curves (o,/o, = 10.100: intercoil 
spacing varied). Dots indicate typical survey results. 
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Case history . . . . 
Interpreted results 1, = Im, (T = 0.30 m mho/m 

O, = 30 m mho/m 
FIGURE 14. Two layer earth response curves (a,lo, = I .  10.100: htrurnent 
height varied). Dots are actual survey results. 
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/&I and shifts the plotted data vertically until  good agreement i \  
achieved with one of the curve\. whereupon the tuo conducti\itie\ 
iind the upper layer thickne\\ are immediately determined ;I\ i n  the 
illustrated care hi\torq of Figure IJc. 

I n  the ebenr t h a t  the concliictrrity ofeither one ofthe two l;iyer\ i \  
knoun ti) he much le\\ than the other. \o that its contribution t o  the 
metel. I-riding i 4  negligihle. i t  I \  \imply necessary to l a y  the in\iru- 
rnent on the ground. take ;i reading. l a y  it on i t \  \ide. take a \econd 
reading. and from these t w o  value\ one can immediatel) calciilirte 
the conductivity of the more conductive layer and the thicknes\ of 
the upper layer. 

V. AD\'A\T.AGES AND DIS.ADVANTAGES O F  INDUCTIVE 
TEHR.AlN CONDLiCTIVITY %IE.-\SL:RE%lENTS 

V. 1. Advantages 

nique\ t o  meawre terrain conductivity ;ire i 1 3  follow\: 
The advantages of the use of inductive electromagnetic tech- 

E.cwllc,trr r c d i t r i o t r  itr (.om/rtcii\,im It wa5 stated in Section I 
that a prohlem with conventional resistivity wa\ that the pres- 
ence of  localized resistivity inhomogeneities near the potential 
electrodes caused large errors. If we exitmine the current flow 
in I hornogeneou\ halfspace for the inductive technique de- 
4crihed herein we realize that in the vicinity of  the transmitter 
the current density is very high and we might expect the pres- 
ence ofa conductive inhomogeneity located here to have a large 
effect. However where the current density is high. the radius of 
the current loops is small and their distance from the receiver 
coil large. 50 that these loop5 do not couple well magnetically 
with the receiver. The effect of  changing this current by varying 
the local conductivity i4 consequently negligible. The lateral 
extent o f  the volume ofearth whose conductivity is sensed by 
the inductive technique is approximately the same as the verti- 
cal depth. The rebult is that small changes in conductivity. for 
example of the order of 5% or 10%. are easily and accuratel! 
measured. 
NO iwrettt itrjecriiw pr~)bl i~i ir .~.  Since current5 are magnetically 
induced in the earth. current injection problems encountered 
with conventional resistivity in materials such a5 gravel. bed- 
rock. permafrost. snow and ice. etc., are not encountered with 
this type o f  insfrumentation. 
SittipIe t)tdsi-I~~yered earth culcrtlcrsicim. This matter is dealt 
with at length in Section IV. 
Ectsy .  rcipitl I)Ic(isi(rcf)tc'IIfs. A problem with the conventional 
Wenner array is that in order to survey to an effective depth a 
the array must be 3a in length and the total length of wire 
required 4a. used in four sections. This presents many oppor- 
tunities for snagging and breaking the wire. Furthermore each 
measurement requires insertion of four electrodes and rela- 
tively careful measurement of the inter-electrode spacing. 
These features are avoided with the inductive electromagnetic 
techniques and it is no exaggeration to say that a survey can 
often be carried out five to ten times faster using this technique. 
Indeed with either the EM3 I or the EM343 it is usually possible 
under average terrain conditions to survey 5 to 7 line- 
kilometers a day with a station spacing of 25 or 50 meters. 

V. 2. Disadvantages 
As with all geophysical instruments, there are some limitations 

and disadvantages to the  use of  inductive electromagnetic tech- 
niques and these are as follows: 

( 1 )  Liriiirc4 clyntritiic riitrge I I - loo0 rwiihos per riri*ti,rj. At low 
value5 of terrain conductivity it  becomes difficult to magneti- 
cally induce sufficient .current in the ground to produce a de- 
tectable magnetic field at the receiver coil. Conversely a! high 
values of conductivity the quadrature component of  the rc 
ceived magnetic field is no longer linearly proportional to ter- 
rain conductivity as is shown in the appendix. 

( i i )  S m k g  uiid niuitiiiiitiitig t l i c a  itistrrtttiettt :pro. Ideally in  order to 
set the zero the instrument would be suspended in free space 



and the zero set there. The more acceptable alternative is to 
\earth out a region of very resistive ground. to accurately 
measure it\ conductivitKu\$g conventional technique\. and to 
set the instrumental zero at that location. This is the procedure 
*hich i\ actually followed. 

I t  i s  neceshary that thi4 zero he accurately maintained over 
long periods of time and over the wide variations of tempera- 
ture encountered during geophysical survey in various parts of 
the world. This produces tight constraints on the circuitry. with 
the rewlt that the zero may be in  error by up to 20.2 mmhos per 
meter. Such an error would be negligible over the usual range of 
terrain conductivities; however in  the event that measurements 
are being made on highly resistive ground the zero error can 
become Gpnificant. 

( i i i )  Li/ui~cd I.i.rric.tr/Sororc/irr~ Crcptrhi/ir.v. I n  theory it is possible to 
u\e a \y\trm \uch as the E M 3 4 - 3  at a continuum of intercoil 
\pacing5 to yield more information about electrical layering i n  
the ground. To achieve a wide variety of  inter-electrode spac- 
ing\ with conventional resistivity equipment is simple; in the 
case of the inductive electromagnetic technique the rapid fall- 
off ofthe magnetic field from the dipole transmitter introduces a 
serious dynamic range problem. In due course there will un-  
doubtedly be instrumentation with a wider variety of  spacings 
at the expense of additional complexity. 

VI. CASE HISTORIES 

I I I 

This section describes several case histories obtained with the 
E M 3 1  and the E M 3 4 .  The surveys ( i )  illustrate the resolution in 
conductivity that can be achieved. ( i i )  compare the results obtained 
with conventional resistivity and ( i i i )  illustrate the use of the latter 
for locating sand. gravel and conductive minerals. determining bed- 
rock topography (including locating a buried river channel) and 
mapping the pollution plume from a land-fill site. I n  some cases the 
indicated conductivity has been converted to resistivity to facilitate 
comparison with conventional resistivity survey results. 
Case History #I 
Location: Mississauga. Ontario 
Instrument: EM31 
Application: Illustrates resolution and repeatability of EM3 1 

For this case history a Rustrak chart recorder was used to monitor 
theoutput ofan EM31. Alineoflength 200meterswastraversedina 
field in both easterly and westerly directions. Figure 15 demon- 
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FIGURE 16. Test survey line - Heart Lake. Ont 

strates that the instrument is resolving conductivity change., of less 
than 1 mmho/m ( 1% of full scale deflection) and that the repeatabil- 
ity is ofthe same order. I n  fact the repeatability is limited in this case 
by the resolving power of  the chart recorder itself. I t  should fur- 
thermore be noted that the instrument is detectingspatial changes in 
conductivity of a few meters in length - compatible with the inter- 
coil spacing of 3.7 meters. 

Case History #2  
Location: Hearth Lake, Ontario 
Instruments: EM3 I 

Application: Location of sand/gravel 
Conventional resistivity apparatus 

Comparison of  EM3 I and conventional resistivity 

In this survey a line 1900 ft. (580 meters) in  length was surveyed 
with a measurement interval of  100 ft. (30 meters). The survey area 
was generally located on a buried esker. however the last few survey 
stations. 17 + 00 to 19 + 00. traversed a region of exposed sand and 
gravel (often occurring in the form of  concretions) and over this 
portion of the line measurements were made every 10 ft. (3.0 met- 
ers). 

The conventional resistivity profile was carried out using a Wen- 
ner array with an a spacing of 20 ft. (6.1 meters) excepa between 
stations 17 + 00 and 19 + 00 where the a spacing was reduced to I fi. 
(0.30 meters). 

I n  general the correlation between the two sets of data is sxcel- 
lent. and demonstrates the ability of  the EM31 to generate good 
quantitative data even in regions of low conductivity. Over the esker 
the EM31 was actually read continuously down the line - the data 
was recorded only at the 100 ft. intervals. with the exception of  the 
reading at station 7 + 50 which was also recorded since it was noted 
that a conductivity low occurred there. Such an anomaly was. of 
course, missed by the conventional resistivity where measurements 
were only made every 100 ft. 

Both sets of data become rather erratic between stations 17 + 00 
and 19 + 00 as a result of  the very rapid lateral changes in resistivity 
arising from the concreted material referred to above. 

Case History 63 
Location: Cavendish. Ontario. 
Instrument: EM31 

Application: 
Location of metallic type conductors 

This survey line. of length 2OOO ft. (610 meters). is located at a site 
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FIGURE 17. Geologic map of the Cavendish test site and the grid of traverse 
lines used in geophysical studies (after Ward et al[3]). 

II 

FIGURE 18. EM3l survey of Cavendish test mnp Line 'cc'. 

in Ontario which is often used by Canadian instrumentation man- 
ufacturers to test new electromagnetic geophysical equipment. The 
survey. along line C, illustrates response from both the swamp and 
the two zones of metallic mineralization. Although measurements 
were only taken every 50 ft. ( I5 meters) both zones are well de- 
lineated and when such high responses are encountered ilocalization 
to within a few meters is quickly and easily carried out. 

Inasmuch as the EM31 and E M 3 4 3  were designed to map terrain 
conductivity at the conductivity levels encountered in typical soils 
both insthments are extremely sensitive electromagnetic detec- 
tors. For example on the most sensitive scale, full scale deflection 
for the E M 3  1 is 800 ppm of the primary magnetic field and for the 
E M 3 4 3  it is 3800 ppm. Such sensitivity makes either instrument 
useful for detecting metallic type conductors at what are very low 
conductivity levels by normal standards. 

Case History #4 
Location: Mississauga, Ontario 
Instruments: EM3 1 ~ EM34 
Application: Determination of bedrock topography 

Total line length for this survey was 8400 ft. (2600 meters) and 
measurements were made every 100 ft. (30 meters) with both the 
EM31 and the EM34 - an earlier version of the E M 3 4 3  which had 
two intercoil spacings vis. 100 ft. (30 meters) and 50 ft. (I5 meters). 
The survey was performed to outline the cross-sectional profile ofa 

n 

$ 1  
I I  
I ,  
t ,  

o ~ - - - - - - - ? -  n m IO z n A -L o'-l-3- A -2 6 2 2 7  2-m i. 

FIGURE 19 EM31 and EM34 survey line over preglacial nver valley, Mts- 
stssauga, Ontano. 

buried preglacial river valley whose existence had been suggested 
from water-well data. At either intercoil spacing the time required 
for the E M 3 4  profile was 1-112 hours, resulting inapproximately one 
survey measurement per minute- including the time to walk the 100 
feet between measurement stations. The time taken for the sub- 
sequent EM31 survey was similar. 

Typical bedrock conductivity in the area is approximately 30 
mmho/m, whereas an average value for the conductivity of t h r  
infilling glacial till is of the order of 8 to 12 mmholm. Thus the EM3 
at either intercoil spacing yields approximately 30 mmholm at the 
valley edges where the overburden is thin and 12 to 14 mmho/m at 
the valley centre. The EM3 1 yields values of 14 to 18 mmholm at the 
valley edges (slightly affected by the presence of bedrock) and 
approximately IO mmholm at the valley centre. The interpreted 
depth of the valley, based on the model shown in the figure, is 
approximately l2Ofeet (36 meters) which is in reasonable agreement 
with the water-well data value of 150 feet (45 meters), bearing in 
mind that the three sets of data show that a two-layer model is an 
over simplification. 

The conductivity high which occurs between stations 42 ?nd 38 
results from a very large pile of waste furnace ash lying on the 
surface. 

Case History #5 

Location: Camp Borden. Ontario 
Instruments: EM31, EM34 

Application: Mapping groundwater salinity 
Conventional resistivity apparatus 

Comparison of EM34 and conventional resistivity 

Geophysical surveys were carried out over a sanitary landfill site 
using, in addition to other instruments, an EM31,  EM34 and con- 
ventional resistivity 141. The survey result-. in the accompanying 
figures illustrate the good agreement between these techniques and 
also indicate the reduction in survey time achieved using inductive 
electromagnetic techniques. Particularly interesting are the vertical 
variations in resistivity as shown by the EM31 at 3.7 m intercoil 
spacing and the EM34 at 15 and 30 m spacing. 

VII. SUMMARY 

This technical note describes in detail the principles of mapping 
the electrical conductivity of the ground using magnetically induced 

I t  



FIGURE 2O(a). 

currents at low frequencies. It has been shown that certain advan- 
tages can be derived from working at low values of induction 
number. Amongst these are excellent resolution in conductivity, a 
substantial reduction in man-hours necessary to carry out a con- 
ductivity survey and a simplification in the calculation of layered 
earth response. 

Two points should be kept constantly in mind when performing 
surveys of this type to map geology. The first is that these instm- 
ments map only the electrical conductivity. I f  the conductivity does 
not vary significantly with the geological environment, or if 
parameters other than the geology also influence the conductivity, 
\e survey rtsults may be difficult to interpret. 

The second point is that measurement of terrain conductivity, like 
any other geophysical measurement, must begin and end with geol- 
ogy. Such measurements are only an aid to help visualize geological 
conditions which cannot be seen. It is always necessary to interpret 

FIGURE 2qc). 

FIGURE 20(d). 

geophysical data against known geology from out-crops, boreholes, 
or any other such "bench marks". Geophysical measurements can 
be very effective by allowing interpolation between such sources, or 
extrapolation away from them. However in every case knowledge 
derived from geophysical measurements must be eventually re- 
confirmed against known geological conditions. 
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VERTICAL DIPOLE '~oRIZONPAL DIPOLE 

.&pPETDIS: Theor! of Operation at Low Induction Numbers 

Consider the tuo coil configurations shown in Figure '41. I n  each 
c : ~ \ e  the transmitter coil is energized with alternating current at a 
frequency f Hertz. The meaw-ed quantity is the ratio of the secon- 
dary magnetic field H, a[ the receiber when both coils are lying on 
6he surface of the homogeneous half-space of conductivity (J to the 
primar). magnetic field H,, in the absence of the half-space (i.e. as if 
the coils Here in free 3pace). The spacing between the coils is s 
meter\. 

The field ratios for vertical and horizontal dipole configurations 
are given by equations ( I )  and (2 )  respectively. 

e - 7% 3 (?I,, = 21 1 - (ysj' + I3 + 3ys + (ys)2] (ys) -1 (2) 

where y = , iwpL,U 

w = 2irf 
f = frequency (Hz) 

p,> = permeability of free space 
i = ,  -1. 

7 

These expressions are complicated functions of the variable ys 
which is in turn a seasonably complicated (complex) function of 
frequency and conductivity. However. as will be shown below. 
under certain conditions they can be greatly simplified. 
A well known characteristic o f  a homogeneous half-space is the 

electrical skin depth 8. which is defined as the distance in the 
half-space that a propagating plane wave has travelled when its 
amplitude has been attenuated to I/e of the amplitude at the surface. 
The skin depth is given by 

- 
(3) 

Z ,;2i & = V = = y  
and therefore 

Y s = ,  fi, 2 6 (4) 

The ratio s/6. the intercoil spacing divided by the skin depth. is 
defined as the induction number B, whereupon 

P 

ys = 2i B (5) 

Now if B is much less than unity (ie ys c I )  it is a simple matter to 
show that the field ratios ofequations (I)and (2) reduce to the simple 
expression 

w h i c h  i s  the equation given in Section I J .  
The magnitude of the secondary magnetic field is now directly 

proportional to the ground conductivity and the phase of  the secon- 
dary magnetic field leads the primary magnetic field by 90". 

94 

L, 

F l G U R t  A i l .  Electrical model for vertical dipole$. 

To make B much less than unity we see that we must make s very 
much less than 6 and thus 

(7) 

That is. having decided on a value for s (which fixes the effective 
depth of penetration under the condition B e 1). the maximum 
probable ground conductivity is estimated and the operating fre- 
quency is chosen so that equation (7) is always satisfied. 

The apparent conductivity which the instrument reads is then 
defined by 

componenl 

To examine the reasons for this simplification let us focus our 
attention on the vertical dipole coil configuration shown in Figu-- 
All since symmetry makes this configuration the simplest to unc 
stand. 

Consider current loop I .  The primary emf e ,  causing this current 
to flow is given (through Faraday's law) by the time rate of change of 
the primary magnetic flux from the transmitter through this loop. 
Three impedances cause Khe current to be limited. These arise from 
(i) the electricas resistance R, ofths loop, ( i i )  the fact that the current 
i, generates its own magnetic field which causes a time-varying 
secondary magnetic flux through the loop (self-inductance. Ll).  and 
( i i i )  the fact that all other current loops such as il generate their own 
magnetic fields which in  turn cause a time-varying magnetic flux to 
link with loop I (mutual-inductance. M). 

The equivalent circuit for this configuration is easily derived from 
elementary circuit theory with the result shown in Figure AIII. 

The complex impedance Z incorporates all .of the affects of 
magnetic coupling between current loop 1 and any other current 
loop 2. We see from this expression that Z can be made arbitrarily 
small by reducing w = 27rf. the operating frequency. When Z is thus 

FIGURE AIII. Equivalent circuit for model of Figure All. 
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made much smaller than R, the current flow in loop I is simply given 
by 

(9) 

where = primary flux linking loop 1 
G I  = conductance of loop 1(G, = I/R,) 

i =  /-1 v 

We see that the magnitude of the current is linearly proportional 
to the loop conductance and furthermore that the phase of the 
current leads the primary flux by 90”. Since the secondary magnetic 
field at the receiver from current i, is in phase with and directly 
proportional to i ,  it too will be directly proportional to G and will 
lead the primary flux by 90”. Thus 

($) a i w G ,  

which has the same dependence on frequency and conductance as 
equation (6). We infer therefore. that the condition B < I is equiv- 
alent to stating that for all current loops that affect the receiver 
output the operating frequency is so low that we can ignore any 
magnetic coupling between the loops. Thus the current that flows in 
any loop is ( i )  completely independent-of the current that flows in 
any other loop since they are not magnetically coupled and (i i )  is 
only a function of the primary magnetic flux linking that loop and of 
the local ground conductivity. 

The lack of interaction between current loops is of great impor- 
tance in simplifying the data reduction procedures. Of equally great 
significance is the fact that for any value of B and for any orientation 
:fa magnetic dipole (or indeed of any magnetic source) over either a 

uniform halfspace or a horizontally stratified earth i t  can be shown 
that all current flow is horizontal. That this is the case for a vertical 
dipole is easy to see from symmetry; for a horizontal dipole it is less 
evident but equally true. Thus, in a horizontally layered earth RO 
current crosses an interface which is fortunate since, if it did, 
changing either of the conductivities would, by virtue of refraction 
of the current, change the direction of the current as it flowed from 
one medium to the other. 

I f  no current flow crosses an interface and if there is no magnetic 
coupling between current loops, changing the conductivity of any 
one of the layers of a horizontally stratified earth will not alter the 
geometry of the current flow. Varying the conductivity of any layer 
will proportionately vary only the magnitude of the current in that 
layer. To calculate the resultant magnetic field at the surface of a 
horizontally layered earth it is simply necessary to calculate the 
independent contribution from each layer, which is a function of its 
depth and conductivity, and to sum all the contributions. 

The functions &z) and R(z) discussed in Section 11 define the 
relative influence of current flow as a function of depth. Their 
derivation is involved and will not be given here. The resultant 

/ , , 1 
V I  I O  0 ,oc 

True conductivity ( m  mh%ss/m) 

FIGURE AIV. Plot of indicaiedconductivity for EM3 I \*erwz true (homoge- 
neous half-space) conductivity for both venicai (0.) and horizontal ((T,’) 
dipoles. 

expressions are, however, simple and easily programmed into hand 
calculators: 

R ~ Z )  = (42’ + I ) ] ’ *  - 22 (14) 

where z is the depth divided by the intercoil spacing. 
Finally it should be noted that for a given frequency and intercoil 

spacing as the terrain conductivity increases the approximation of 
equation (6) eventually breaks down and the instrumental output is 
no longer proportional to terrain conductivity. This effect is illus- 
trated in Figure AIV. which plots apparent (indicated) conductivity 
against true (homogeneous halfspace) conductivity for both vertical 
and horizontal transmitterlreceiver dipoles for the operating 
parameters of the EM31. As would be expected the horizontal 
dipoles exhibit linearity to greater values of conductivity as a result 
of the reduced depth of penetration in this configuration. 
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PREFACE 

This Manual was written to satisfy most of the needs of 
the average user of a portable total field magnetometer 
for both conventional and unconventional applications, 
including geological exploration, search for lost objects, 
magnetic measurements of rock or iron specimens and 
archaeological prospecting. As the name implies, this is 
a manual or guide for professional and non-professional 
persons who may not have the time, the requisite back- 
ground or the ready access to the proper libraries to 
delve deeply into standard texts, the few that there are, 
on applied geophysics. 

Some of the information that I have included in this 
Manual may be found in the references cited or drawn 
from obscure sources, or uncovered amongst equations 
and confusing terminology in physics or engineering 
texts. Many of the facts and instructions in this Manual, 
however, do not appear anywhere else in print. for 
example, I know of no other readily available reference 
on the subjects of magnetic search of buried objects, 
many of the portable gradiometer applications, opera- 
tional considerations of proton magnetometers and the 
effect of electrical currents on portable total field mag- 
netometers. Among the less common subjects that are 
covered are the magnetic properties and detection of 
common steel objects, facts concerning the detection 
of buried ruins, methods for sketch-it-yourself anomaly 
construction, and some help in interpreting anomalies 
at the magnetic equator. I also tried to simplify some 
aspects of the potentially complex subject of magnetics 
using short-cuts wherever possible and deskilling some- 
what the fine art of magnetic interpretation. For most 
portable magnetometer work, I feel this approach is 
quite adequate. Certainly for the more sophisticated 
techniques required for interpretation of the usually- 
more-precise aeromagnetic surveys, the reader is advised 
to consult the References or persons knowledgeable in 
the subject. 

Figures and examples are used liberally in the explana- 
tions because I feel they assist or confirm one's under- 
standing of these subjects. Almost all of the profiles 
were drawn free-hand according to the techniques 
described and should not be considered as precise 
computer-derived curves. They do demonstrate that one 
can be his own 'magnetics expert' insofar as what is 
required for most of these applications. 

The question of units always arises in any technical 
publication. Many magnetic measurements, particularly 
magnetic properties of rocks and geophysical research, 
use cgs, some physics and engineering applications use 
mks. while geophysical exploration, for most of the 
readers of this Manual, still utilizes feet and miles. A mix- 
ture of units, hopefully not too confusing, was therefore 
unavoidable. Subsequent editions of this Manual may be 
written specifically in carefully selected metric units. 

The various chapters were prepared to be read or utilized 
independent of each other if necessary. For example, 
someone interested in using the magnetometer for 
archaeology but who does not particularly enjoy wading 
through the mathematics of Chapter V, can proceed 
directly to Chapter VII. He would be aided, however, by 
subsequently skimming through Chapter V. 

I would appreciate criticism or suggestions should any- 
one note errors or have suggestions on how I may im- 
prove later editions. Moreover, if the reader finds that 
my explanations or facts fall just short of what is 
required, I am available by telephone or through written 
correspondence. 

SHELDON BREINER 
GeoMetrics 

395 Java Drive 
Sunnyvale. Cdlfomia 94086 
Totephone: (408) 734-4618 
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1. 

INTRODUCTION 

This Manual is intended for use as a general guide for a number of very diverse applications of portable 
magnetometers, especially the total field proton (nuclear precession) magnetometers. The diversity 
of applications and the general complexity of magnetic field measurements limits the depth to which 
any one subject can be covered, but further information, if desired, can be obtained through the author 
or from any of the references cited. 

Among the applications for which this Manual is written are mineral and petroleum exploration, geo- 
logical mapping, search for buried or sunken objects, magnetic field mapping, geophysical research, 
magnetic observatory use, measurement of magnetic properties of rocks or ferromagnetic objects, 
paleomagnetism, archaeological prospecting, conductivity mapping. gradiometer surveying, and 
magnetic modeling. The terminology, units of measurement, and assumed prerequisite knowledge 
are those employed in the field of geology and geophysics. 



II. 

MAGNETOMETERS 
Instrument Use 
The common types of portable magnetometers in use 
today are fluxgate, proton precession, Schmidt field 
balance, dip needle and other special purpose instru- 
ments. Field balances and dip needles are mechanical 
devices comprised of pivoted magnets measuring vertical 
or horizontal intensity or field direction, and are not 
much used today being replaced by the more sensitive 
and less cumbersome fluxgate and proton magneto- 
meters. Portable fluxgate magnetometers employ a satur- 
able core sensor held in a vertical direction to measure 
vertical intensity with an effective sensitivity on the order 
of several gammas. Fluxgate magnetometers, .too, are 
slowly being replaced by the proton magnetometer 
which has greater sensitivity (1 gamma or better), abso- 
lute accuracy, no moving parts, and measures total field 
intensity with freedom from orientation errors. For rea- 
sons of its increasing utilization and because many 
applications require these features, the proton magne- 
tometer will be the principal instrument under discussion 
in the Manual. Much of the Manual from Chapters Ill 
through IX nevertheless applies to vertical component 
flux gate magnetometers as well. Anomaly signatures at 
high latitudes (magnetic dip 70’ or greater) are practically 
identical for the two instruments; at other latitudes they 
differ significantly. 

Proton Magnetometer 
The proton precession magnetometer is so named 
because it utilizes the precession of spinning protons or 
nuclei of the hydrogen atom in a sample of hydrocarbon 
fluid to measure the total magnetic intensity. The spin- 
ning protons in a sample of water, kerosene, alcohol, 
etc.. behave as small, spinning magnetic dipoles. These 
magnets are temporarily aligned or polarized by appli- 
cation of a uniform magnetic field generated by a current 
in a coil of wire. When the current is removed, the spin 
of the protons causes them to precess about the direc- 
tion of the ambient or earth’s magnetic field, much as a 
spinning top precesses about the gravity field. The pre- 
cessing protons then generate a small signal in the same 
coil used to polarize them, a signal whose frequency is 

precisely proportional to the total magnetic field intensity 
and independent of the orientation of the coil, i.e., sensor 
of the magnetometer. The proportionality constant which 
relates frequency to field intensity is a well known atomic 
constant: the gyromagnetic ratio of the proton. The pre- 
cession frequency, typically 2000 Hz, is measured by 
modern digital counters as the absolute value of the 
total magnetic field intensity with an accuracy of 1 gam- 
ma, and in special cases 0.1 gamma, in the earth’s field 
of approximately 50,000 gammas. 

Total Field Measurement 
The total magnetic field intensity, as measured by a 
proton magnetometer, is a scalar measurement, or simply 
the magnitude of the earth’s field vector independent of 
its direction. The measurement can be expressed as in 
fkure la as simply the length of the earth’s field vector, 
F,shown here to be 50,000gammas. A local 

4 , IF1 = 50,MX)GAMMAS 

I 

A 

F 

TOTAL FIELD 

Figure la. 

tion. T. of 10 gammas, as miaht be measured 

perturba- 

in any of 
the applications discussed hGein, is shown in Figure lb 
as a vector of arbitrary direction. This disturbance vector 
adds to the undisturbed field in the usual manner of 
vector addition as shown in Figure lb, paying special 
notice to how the figure would actually appear if both 
the 50,OOO and 10 gamma vectors were drawn to scale. 
It is clear from the figure, then, that since the proton 
magnetometer measures only the magnitude of the 
resultant vector whose direction is almost exactly parallel 

ro 
I 
c 

A 
IF +? 50,006 GAMMAS 
(RESULTANT TOTAL FIELD) 

Figure lb. 
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to the undisturbed total field vector, that which is mea- 
sured is very nearly the component of the disturbance 
vector in the direction of the original undisturbed total 
field, or where 

4 -  

IF +TI * F + compFT 

where 

Such conditions are almost always valid except in the 
near field of large steel objects or in the vicinity of iron 
ore deposits or certain ultrabasic rocks which produce 
anomalies larger than 10,OOO gammas. Thus, the change 
in total field, A F = compFT, i.e., the component of the 
anomalous field, T, in the direction of F. (Except where 
noted. compFT will be referred to simply as the anomaly 
T.) The proton precession magnetometer, for small per- 
turbations, can therefore be considered to be an earth's- 
field-determined component magnetometer. 

This property of measuring this scalar magnitude of the 
field, otherwise called total field intensity, is very signifi- 
cant with respect to the asymmetric signatures of anom- 
alies, interpretation of anomalies, and in various special 
applications. Furthermore, the fact that what is measured 
is independent of the orientation of the sensor, allows 
the magnetometer to be operated without attention to 
orientation or leveling such as would be the case with 

a fluxgate magnetometer on the mobile platform of a . 
person, vehicle, or aircraft. The only limitation of such -,>, 

a scalar measurement, albeit a minor one, is the fac 
that the component of the anomalous field which is 
measured is not normally under the control of the ob- 
server, but rather at the whim of the local direction of 
the earth's magnetic field. 

Limitation& of a Proton Magnetometer 
The proton magnetometer has no moving parts, produces 
an absolute and relatively high resolution measurement 
of the field and usually displays the measurement in the 
form of an unambiguous digital lighted readout. Several 
operational restrictions exist, however, which may be of 
concern under special field conditions. First, the proton 
precession signal is sharply degraded in the presence of 
a large magnetic field gradient greater than 200 gammas 
per foot (approximately 600 gammas per meter). Also, 
the signal amplitude from the Sensor is on the order of 
microvolts and must be measured to an accuracy of 
0.04 Hz of the precession frequency of several thousand 
Hz. This small signal can be rendered immeasurable 
by the effects of nearby alternating current electrical 
power sources. For these two reasons, a proton mag- 
netometer cannot usually be operated within the con- 
Fines of a typical budding, Developments and procedures 

. 

I 

are presented which minimize these effects for the appli- 
cations to be described in the Manual. 
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Ill. 

I 

EARTH’S FIELD MAGNETISM 
introduction 
The earth’s magnetic field resembles the field of a large 
bar magnet near its center or that due to a uniformly 
magnetized sphere. The origin of the field is not well 
understood, but thought to be due to currents in a fluid 
conductive core. On the surface of the earth the pole of 
this equivalent bar magnet, nearest the north geographi- 
cal pole, is actually a ‘south’ magnetic pole. This 
paradoxical situation exists since by convention a north- 
seeking end of a compass needle is defined as pointing 
north yet must point to a pole of opposite sense or south 
pole of the earth’s magnetic field. To avoid possible con- 
fusion, though, the magnetic pole near the geographical 
north pole is, and will be referred to as, a ‘north’ pole. 

The field, or flux, lines of the earth exhibit the usual 
pattern common to a small magnet as shown in Figure 2. 
Note that the direction of the field is vertical at the north 
and south magnetic poles, and horizontal at the magnetic 
equator. An understanding of this geometry is important 
with respect to interpretation of magnetic anomalies. The 
intensity of the field, which is a function of the density 
of the ‘flux lines‘ shown in Figure 2, again behaves as a 
bar magnet being twice as large in the polar region as in 
the equatorial region, or approximately 6O.OOO gammas 
and 30,000 gammas respectively. The inclination from Figure 2. 

Figure 3. The GeornagnetiC Inclination in Degrees of Arc from the Horizontal souwe UsN-n.o. 
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Figure 4. The Total Intensity of the Earth's Magnetic Field 

the horizontal and the total intensity are shown in Figures 
3 and 4. (NOTE: 1 gamma = 10-5 gauss. Gauss is actually 
a unit of magnetic induction and oersted 81 unit of mag- 
netic intensity-B and H respectively, in physics nomen- 
clature. By convention in the geophysical community, 
however, gauss is the unit in cgs of magnetic intensity. 
In any event, numerically, 1 gamma = 10-5 gauss = 10-5 
oersted = 10-9 webers/M* = 10-0 tesla.) 

The earth's total field intensity is not perfectly symmetric 
about the geographical north pole. First, the north mag- 
netic pole is in northern Canada more than loo0 miles 
from the geographical pole (note again Figure 2). Also, 
the earth cannot exactly be represented by a single bar 
magnet, but has numerous higher order poles and very 
large-scale anomalous features owing to unknown char- 
acteristics of the generating mechanism in the earth's 
core. In addition, the solar wind or constant flux of par- 
ticles and electric currents from the sun distor! the field 
lines from what is shown in Figure 2 to a more or less 
tear-drop shape with the blunt end towards the sun. The 
last, but for the purposes of this Manual, most relevant 
deviation from a symmetric field is the anomalous set of 
features in the earth's crust caused by local variations 
in the magnetic minerals or other features of interest 
which distort the local earth's magnetic field. 

Time Varlatlonr 
The variations described above all refer to the spatial 
variations in the earth's magnetic field, but there are 
variations in time as well. Significant time variations 
with periods of seconds, minutes and hours are the direct 

or indirect effect of the solar wind referred to above as 
it distorts the magnetosphere or external magnetic field 
of the earth. Daily or diurnal variations are primarily seen 
during the tocal daylight hours shown for typical days 
in Figure 5. Diurnal variations are not predictable. may 
exhibit changes as large as 100 gammas or more and 
are often removed from portable magnetometer data by 
methods described in Chapter IV. Superimposed upon 
these diurnal variations are more short-period phenomena 
called micropulsations (Figure 6) which are more random 
in behavior, generally smaller in amplitudeand may occur 
at any time of the day or night. Micropulsations occur 
in a broad range of periods between 0.01 seconds up 
to several tens of minutes with amplitudes from a thou- 
sandth of a gamma to several tens of  amm mas. 

Of still greater concern as a possible source of erroneous 
data are magnetic Storms occumng as often as several 
times per month with their onset suddenly and simul- 
taneously throughout the world. Such storms may exhibit 
variations of up to several hundred gammas and may 
last one day or up to several days. (See Figure 7.) For 
very important field measurements, particularly for higher 
resolution measurements, a recording base station or 
reference monitor is often used which is examined at the 
start of each day for an indication of magnetic storm 
activity and also for subsequent removal of the diuma' 
variations from field data using time as.a correlation. 

The earth's internal or main field also changes slowly 
over years, tens and thousands of years through what 
is termed the secular variation. The inclinaion. intensity 
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MID-NORTHERN AND MID-SOUTHERN LATITUDES 
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Figure 5. Typical Diurnal Variations in Total Field Intensity 

10 MINUTES 

Figure 6. Typical Micropulsations 

Figure 1. Typical Magnetic Storm 



8 APPLICATIONS MANUAL FOR PORTABLE MAGNETOMETERS 

and even the location of the poles varies slowly at a rate 
relevant, in the context of this Manual, only to observa- 
tory and archival interests. From time-to-time through 
geologic history, the main field has even reversed and 
the consequences of these events are extremely imper- 
tant for a number of portable magnetometer applications 
covered in the Manual. 

Magnetic Mlneralr and Iron 
The application of portable magnetometers as treated 
herein has, as its primary objective, the identification 
and description of spatial changes in the earth's field. 
The time changes described above simply represent 
noise or interference in the measurements of interest. 
The spatial variations or anomalies to be mapped for 
these applications are those which might occur over 
several feet or several thousands of feet and are usually 
caused by an anomalous distribution of magnetic miner- 
als or by iron objects or cultural features which may be 
of interest. The anomalies from naturally occurring rocks 
and minerals are due chiefly to the presence of the most 
common magnetic mineral, magnetite (Fe Fe203), or its 
related minerals, ulvospinel, titanomagnetite, maghemite, 
etc. which will collectively be referred to as magnetite, 
a dark, heavy, hard and resistant mineral. The rust- 
colored very common forms of iron oxide are not usually 
magnetic and are seldom related to the source of magne- 
tic anomalies. Other magnetic minerals which occur to a 
far lesser extent are ilmenite, pyrrhotite (with sulphide 
mineralization), and others of even lesser consequence. 

All rocks contain some magnetite from very small frac- 
tions of a percent up to several percent, and even several 
tens of percent in the case of magnetic iron ore deposits. 
The distribution of magnetite or certain characteristics 
of its magnetic properties may be utilized in exploration 
or mapped for other purposes. Iron objects in the earth's 
magnetic field, whether something buried or intentionally 
planted for subsequent retrieval, would also create a 
detectable magnetic anomaly. Cultural features associ- 
ated with man's habitation can frequently be detected 
through magnetic surveys owing to the contrast in mag- 
netite associated with numerous artificial features such 
as man-made structures, voids, or the enhanced mag- 
netic effects of baked clays and pottery (see Chapter Vll). 

Induced Magnetlzatlon 
Magnetic anomalies in the earth's magnetic field are 
caused by two different kinds of magnetism: induced 
and remanent (permanent) magnetization. Induced mag- 
netization refers to the action of the field on the material 
wherein the ambient field is enhanced and the material 
itself acts as a magnet. The magnetization of such rna- 
terial is directly proportional to the intensity of the am- 
bient field and to the ability of the material to enhance 
the local field-a property called magnetic susceptibility. 
The induced magnetization is equal to the product of 
the volume magnetic susceptibility, k. and the earth's or 
ambient field intensity, F, or 

l i  = kF 

where Ii is the induced magnetization per unit volume 
in cgs electromagnetic units, and F is the field intensity 
in gauss. (Note: in some texts, the specific magnetic 
susceptibility or susceptibility per unit weight (gram) is 
used) For most materials, k is much less than 1 and, in 
fact, is usually k10-S cgs or smaller. If k is this small and 
positive, the material is said to be paramagnetic and, 

when negative, diamagnetic. For magnetite, k is approxi- 
mately 0.3 cgs and is ferrimagnetic while for iron alloys, 
k may vary between 1 and l , ~ , O O O ,  and such material: 
are called ferromagnetic. Both ferrimagnetic and ferro- 
magnetic susceptibility are also a function of the field 
intensity in which they are measured. In all cases, in this 
Manual, the field intensity is assumed to be the ambient 
earth's field intensity between 0.3 and 0.6 gauss. 

A parameter similar to k is the magnetic permeability, 
p, which is the ratio of the magnetic induction, B, to 
the field intensity, F (Magnetic induction is the magne- 
tization induced in the material). 8 includes not only the 
magnetization of the material, but also the effect of the 
field itself and is expressed by 

B = F + 4 n I  

where B is in gauss. Therefore as stated above, 
B 

L c = -  
and F 

p = 1 +4ak 

Thus when k is very small, as in air, z I and when k 
is 0.1 or larger p is generally one order of magnitude 
larger. The susceptibility k can be thought of as the 
absolute ability and p the relative ability of a material 
to create local magnetization. The measurement of per- 
meability is most often used for materials where p is 
much greater than 1, typically iron, steel and other 
ferromagnetic alloys. 

Inasmuch as magnetite and its distribution is of such 
great importance for a number of these applications, it 
is important to understand its relation to common rock 
types. The susceptibility k of magnetite was given as 
approximately 0.3 cgs which may actually vary between 
0.1 and 1.0 depending upon its grain size and other 
properties. The magnetic susceptibility of a rock con- 
taining magnetite is simply reelated to the amount of 
magnetite it contains. For example, rock containing T %  
magnetite will have a volume susceptibility of 3 x 10-3 cgs, 
etc. Typical susceptibilities of rocks are given below, but 
may va!y by an order of magnitude or more in most cases: 

altered ultrabasic rocks 
basalt 
gabbro 
granite 
andesite 
rhyolite 
shale 
shist and other 
metamorphic rocks 
most sedimentary rocks 
limestone and chert 

-104 to 10-2 cgs 
-10-4 to 1 0 3  
-104 
-10-5 to 10-3 
-104 
-105 to io-' 
-10-5 to 10-4 

-104 to 101 
-10-6 to 1 0 5  
-1 0-0 

Typically, dark, more basic igneous rocks possess a 
higher susceptibility than the acid igneous rocks and 
the latter, in turn, higher than sedimentary rocks. 

Remanent or Permanent Magnetization 
The remanent or permanent magnetization, I,. (the former 
ascribed to rocks, the latter to metals) is often the predom- 
inant magnetization (relative to the induced magnetiza- 
tion) in many igneous rocks and iron alloys. Permanent 
magnetization depends upon the metallurgical properties 
and the thermal, mechanical and magnetic history of 
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the specimen, and is independent of the field in which 
it is measured. Magn.etite may have a remanent magne- 
tization, lr, of perhaps 0.1 to 1.0 gauss, ordinary iron 
may have a permanent magnetization between 1 and 10, 
and a permanent magnet may be between 100 and 1,000 
gauss or larger. Chapter VI will describe simple methods 
for measuring both the remanent and induced magneti- 
zations and the magnetic susceptibility of rocks and 
miscellaneous objects. Chapter VI1 more fully describes 
the magnetization of iron objects. 

The remanent magnetization is of great importance in 
mapping and interpretation, and in the fields of paleo- 
magnetism, archaeological exploration, and archaeomag- 
netism. The remanent magnetization of magnetite is as 
stated, independent of the present earth's field. By  and 
large, the high values of remanent magnetization are 
related to the effects of heating, whether naturally heated, 
as in the case of igneous rocks, or artificially heated, as 
in the case of baked clay, pottery, and other man-made 
objects found in archaeological sites. Prior to such 
heating, small regions, called domains, within each mag- 
netite crystal would be more or less randomly-oriented. 
During heating, particularly at high temperatures. the 

domains reorient themselves, which upon cooling, tend 
to align themselves more or less in the direction of the 
ambient magnetic field and thus parallel to each other, 
thus creating a net magnetization fixed with respect to 
the object. This remanent magnetization may be as much 
as 10 or more times greater than the induced magnetiza- 
tion for many rock types. Thus, the net magnetization 
might be considerably higher than would be indicated 
merely by consideration of the susceptibilities listed 
above. 

The remanent magnetization of a rock or object may or 
may not be in the same direction as the present earth's 
field for the object may have been reoriented and because 
the earth's field is known to have changed its orientation 
in geologic and even historic time. Rocks are frequently 
reversely magnetized so that measurement of this rem- 
anent magnetization is a useful aid to interpretation if 
the rocks which produce an observed anomaly are, 
indeed, accessible. The fields of paleomagnetism and 
archaeomagnetism in particular depend upon the precise 
determination of the orientation of the 'frozen paleo- 
field' as it is measured in a given rock or other specimen, 
and methods for measuring such will be described in 
Chapter VI. 
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FIELD PROCEDURES AND DATA REDUCTION 

Magnetic Cleanliness and Sensor Posltlons 
Most of the applications for portable magnetometers 
require that the operator be relatively free of magnetic 
materials on his person. The importance of checking 
oneself cannot be over-estimated if measurements on 
the order of 1 gamma are desired. In field surveys, the 
usual magnetic material one may have may include, of 
course, the obvious such as a rock pick, Brunton comp- 
pass, pocket knife, or instrument console and the not-so- 
obvious effects of the pivot in eyeglasses, the pants clip at 
the top of men's trousers, the light meter in a camera, 
the magnet in the speaker of a tape recorder, metal in a 
clipboard, some mechanical pencils, some keychains. 
and the steel shank in one's shoes or boots. Of course, 
some of these items cannot be altered or left behind 
and some are not significant in any event. The sensor 
itself should be kept ckan to avoid possible contamina- 
tion by magnetite-bearing dirt on the sensor surface. 
In order to check the 'heading effect', Le., the effect of 
orientation on the observed field intensity during a field 
survey, the operator can take readings at each of the 
four cardinal directions while pivoting about the position 
of the sensor and note the changes. If the maximum 
change is typically less than 10 gammas, the average 
readings on a line will probably not be affected by more 
than 5 gammas and individual readings by less than this 
inasmuch as readings along the profile are moresr-less 
along a given heading t perhaps 30" about one orienta- 
tion. If a sensitivity of l gamma is desired, the heading 
error should be less than several, preferably 2 gammas 
or lass and depending upon the desired sensitivity, the 
operator should make some effort to face in the same 
direction, if possible, for all readings on a given traverse. 

The sensor for a proton magnetometer may be carried 
on a &foot (2.2 meter) staff, on a backpack, on an 
extended staff to 12 feet (4 meters) or more as necessary, 
or by a second person as represented in Figure 8. The 
sensor on an &foot Staff is by far the most common 
means for field measurements removing the sensor suffi- 
ciently far from the console and from the operator so as 
not to be much affected by normal items of clothing, etc. 
The purpose of mounting a sensor on an extended 12 
foot or longer staff is to remove the sensor from the 

d 

locally disturbing effects of highly magnetic surface 
materials, such as surface laterite, glacial till, or highly 
magnetic outcropping rocks. The sensor may also be 
raised in the case of very high magnetic gradients 
which would otherwise ruin the magnetometer signal 
and prevent any reading whatsoever (see following sec- 
tions). An additional reason for an extended staff will be 
described in Chapter Vlll in reference to vertical gradient 
measurements. There are also occasional reasons for a 
second person carrying the sensor while the first person 
carries the console together, perhaps, with magnetic 
or other materials that must necessarily be on his person 
such as pick, tape recorder, another instrument or rock 
samples. 

The sensor may be carried in a backpack pouch for 
more convenient field operation where 5 or 10 gamma 
sensitivity is all that is desired, but care should be taken 
to check the effects of the batteries and console (par- 
ticularly the very magnetic alkaline batteries). The back- 
pack pouch frees the hands for taking notes, pushing 
aside the underbrush and, in general. balances the load 
of the console and decreases fatigue. 

Operational Considerations 
Valld Readings Vs. Noise 
It is important to establish that, in fact, the magnetometer 
is providing valid readings. The simplest means of con- 
firming that what is being observed is a magnetic field 
reading and not random, meaningless instrument read- 
ings (Le., noise) Is to take several readings in succession 
in one location without moving anything, and note the 
repeatability. Successive readings should be within 
i 1 gamma, f 0.25 gamma or f 1 count for whatever the 
sensitivity setting. Valid readings should not, under 
any naturally-occurring circumstances including mag- 
netic storms, vary by as much as i 10 or i 100 gammas 
in a few seconds; if such is observed. the readings 
represent either noise or a degradation of the signal-to- 
noise ratio with the observed corresponding loss in terms 
of sensitivity. Under certain circumstances even succes- 
sive readings repeating to within several gammas may 
still represent noise. To confirm that these readings are 
indeed magnetic field, simply 'kill' the signal by placing, 

Figure 8. Sensor Carrying Positions 

11 
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momentarily during the reading, something magnetic 
adjacent to the sensor such as one’s shoe, watch, certain 
rocks, etc. Random readings varying by 10 or 100 gam- 
mas or more would then be observed in addition to their 
deviating considerably from the readings without the 
object present. Another but less certain method is to 
take readings at intervals of increasing distance from an 
object or location known to produce a magnetic anomaly. 

Typical reasons for a proton magnetometer not producing 
valid readings may be: electrical noise from AC power 
lines, transformers or other radiating sources; high mag- 
netic gradients from underlying rocks, nearby visible or 
hidden iron objects. fence lines or improvised iron hard- 
ware improperly used near the sensor; improper orienta- 
tion of the sensor (even when ‘omni-directional’); expired 
batteries, incorrect range setting or instrument failures. 
broken or nearly broken sensor cable, and other mal- 
functions usually described in the instrument operating 
manual. 

Valid but distorted readings may result from several 
other conditions including the above effects of high 
magnetic gradients, magnetic dirt or other magnetic 
contamination on the sensor and any magnetic bias on 
the operator. Time variations (Chapter Ill and following) 
and the effects of direct current in distant power lines 
and trains (Chapter IX )  can also distort magnetic 
observations. 

Sensor Orientatlon 
According to the theory of operation of the proton mag- 
netometer, the total intensity, measured as the frequency 
of precession, is independent of the orientation of the 
sensor. The amplitude of the signal, however, does 
vary (as sinlo) with the angle between the direction 
of the applied field within the sensor and the earth’s 
field direction. Variation of signal amplitude does not 
normally affect the readings unless there is simply insuf- 
ficient signal to be measured accurately, Le., a minimum 
signal amplitude is required above which a variation in 
amplitude does not affect the readings. 

Ideally, the applied field in the sensor should be at 
right angles to the earth’s field direction. The direction 
of the applied field is governed by the configuration of 
the polarizing coils in the sensor which are commonly 
either solenoids (cylindrical) or toroids (ring or dough- 
nut-shaped). The solenoid produces an applied field 
parallel to its axis, whereas the toroid produces a field 
which is ring-shaped about the axis of the toroid (con- 
sult the instrument operations manual to determine the 
direction of these axes with respect to the sensor hous- 
ing). Solenoids are used because they produce some- 
what higher signal than a toroid and are less perturbed 
by electrical noise, whereas a toroid is inherently omni- 
directional. In the ideal case, a solenoid should be held 
horizontal and in any direction in a vertical field, and 
should be held vertical in a horizontal (equatorial) field 
for maximum signal amplitude. A toroidal sensor should 
be held with its axis vertical in a vertical field, and point- 
ing north in an equatorial field to obtain maximum sig- 
nal. A field which dips greater or less than 4 5 O ,  should 
be treated as though it were a vertical or horizontal 
field respectively. 

Instrument Readdings 
Measurements are normally made at regular intervals 
along a grid or othewise selected path whose locations 

are noted for subsequent plotting. Simple pacing js . 
usually adequate with readings every 6 ,  10. 50, 100, 500, 
or even 1,000 feet (2 to 300 meters), as anomalies. field, 
and either geological or search requirements dictate. 
Traverses may be selected along pathways or other 
accessible routes and occasional locations noted on an 
aerial photograph or map using paced distances in 
between. The density of readings along the traverse 
should be related to the wavelength of anomalies of 
interest such that several readings are obtained for any 
such anomaly. A single trial line with relatively dense 
stations is usually attempted first to determine the re- 
quired station density. It is important never to hold the 
magnetometer sensor within one or two feet of the 
ground, if possible, in order to avoid effects of minor 
placer magnetite which usually collects on the surface 
of the ground, and also to avoid the effects of micro- 
topography or outcropping rock surfaces. 

Readings may be noted in a field notebook or, if desired, 
on a miniature tape recorder, but care must be taken 
to magnetically compensate the speaker magnet and 
motor following the theory given in Chapter VI it one is 
to use a recorder. The convenience of the recorder is 
that only one hand is needed and the data may be 
played back for fast, convenient plotting. 

Correction for Tlme Variations 
Some ground ‘magnetic surveys require correction for 
diurnal and micropulsation time variations. Correction 
is required if the anomalies of interest are broad (thou- 
sands of feet) and typically less than 20 to 50 gammas, 
or if the profile lines are very long, or if the objective 
of the survey is a good magnetic contour map expres- 
sive of deep-seated anomaly sources. Also, if the survey 
is performed in the high magnetic latitudes in the auroral 
zone where typical micropulsations are 10 to 100 gam- 
mas, correction for such variations would be necessary. 
On the other hand, if one is merely interested in profile 
information of anomalies of several hundred gammas or 
if the anomalies are only 20 gammas but can be traversed 
completely in less than 5 minutes, no time variation 
correction is needed. Perhaps most surveys fit the latter 
criteria and do not actually require any such correction , 
for time variations. 

The simplest method of correcting for time variations 
involves repeated readings in the same orientation at 
the same station at different times during the survey. 
If a smooth curve is drawn through the readings plotted 
as a function of time (every hour or so). these values 
can be subtracted from all other readings provided that 
each reading also includes the time at which it was 
observed. To avoid an extremely long and repeated 
walk to a single reference station, it is also possible to 
‘double-back’ to take a second or third reading on each 
given traverse to determine at least the time variations 
for that traverse. Still another technique is to emulate 
what is done on aeromagnetic surveys, namely, obtain 
rapidly acquired measurements on tie lines or lines 
which cross the principal traverse lines at each end 
and perhaps in the center. The stations common to each 
traverse and tie lines should be known and occupied 
while facing the same direction to avoid heading errors. 
The simplest method for using these tie lines is to make 
each intersection agree by linearly distributing the error 
on each traverse line and holding the tie line values 
fixed-provided the tie line data were acquired rapidly. 
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A local recording base station, i.e.. diurnal station moni- 
tor, is the most ideal method and certainly the most 
accurate for removing time variations. The time varia- 
tions can readily be removed from each reading. again 
assuming that the time is noted for each reading on the 
traverse to within a minute or so of the base station. 
The base station should not be further away than 100 
miles from the area of the survey for agreement within 
a few gammas and should be positioned more than 200 
feet away from local traffic and other disturbances (see 
Chapter VII). The diurnal base station, if left to continue 
recording during each evening, can indicate magnetic 
storms in progress and may be examined at the start 
of a survey day to determine if any Useful measurements 
can actually be obtained during such conditions. During 
a magnetic storm, it is best not to obtain field data with 
the objective of removing the storm variations as the 
survey magnetometer and base station may not agree 
better than 5 or 10 gammas. 

High Magnetic Gradients 
In the ease where an extremely high magnetic gradient 
destroys the signal as evidenced by successive non- 
repeating measurements, it may be necessary to raise 
the sensor up to 10 or 12, sometimes 15 feet in order 
to move the sensor to a region of lower gradient. This 
will only happen over outcropping or nearly outcropping 
large masses of perhaps altered ultrabasic rocks, mag- 
netic iron ore deposits or ore bodies containing a large 
percent of pyrrhotite and in the near vicinity of buried 
iron objects in the applications for search. Such an 
event would only occur if the gradient exceeds several 
hundred gammas per foot. If the span of high gradient 
is not too wide, it may not actually be necessary to 
obtain measurements precisely at the highest gradient. 
Measurements on either side of the anomaly can be 
extrapolated or be used to at least indicate the contacts 
of such a highly magnetized formation. Furthermore, 
as the signal disappears and the readings diverge con- 
siderably from f 9 or 2 counts, it may be worthwhile to 
note approximate indications of magnetic field gradient 
which on some instruments is displayed on the front 
panel as signal amplitude (which isafunction of gradient). 
In areas of highly magnetic surface conditions, as noted 
in a previous section but where a signal is still obtained, 
another alternative in acquiring meaningful data other 
than that of using an extended staff would be to make 
2 to 5 measurements per station, for example, at the 
points of a cross centered at the actual primary station 
location. The average of these readings would later be 
used to draw a profile. In this way, some of the surface 
noise is averaged out. 

In the absence of anomalous surface conditions and for 
reasons more fully described in Chapter Vlll, it may be 
useful for both geological and search applications to 
measure the vertical gradient of the total fietd. The 
vertical gradient is obtained by making 2 total field 
measurements, one over another, taking the difference 
in the readings and dividing by the distance between 
them. 

Data Reduction 
The profiles when plotted should be smoothly varying 
and expressive of the anomalies of interest. (NOTE: 
The nature of the disturbances or anomalies of interest, 
their width, character, signature, and amplitude are dis- 
cussed in Chapter V, following.) Should there be an 
excessive amount of such geologic/magnetic noise, at a 

I 

1 
I 

I 

wavelength much shorter or much longer than is of 
interest, it b possible to apply simple filtering or smooth- 
ing techniques to facilitate interpretation of the profile. 
As a rule of thumb, never remove or filter out anomalies 
whose wavelength is on the order of the depth to sources 
of interest. A number of advanced techniques for data 
enhancement or filtering as employed in airborne sur- 
veys or well-gridded ground surveys will not be dis- 
cussed within the scope of the Manual but are listed 
to acknowledge their existence: vertical derivatives, 
upward and downward continuation, reduction-to-the- 
pole, bandpass filtering, trend surface filtering, spectral 
analysis, trend enhancement, magnetization filtering, 
and others most of which are applied to two-dimensional 
data. 

'% 

.. 

Profile Smoothing 
Anomalies of very short wavelength (much shorter than 
the probable depths to sources of interest) may be 
present and caused by the magnetic effects of the mag- 
netometer operator, or simply by surface magnetization 
contrasts in the surface or near-surface materials as 
mentioned earlier. In removing such effects, the eye 
itself tends to enhance what one is seeking. Another 
simple and obvious method is Of Course to pencil or 
trace through the noise. A more objective technique is 
to apply a running average or weighted running average 
to the data (see Figures 9 and 10). For a 3-point weighted 
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Figure 9. Profile Smoothing 
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running average, for example, one would multiply the 
value at a given station by 2, add the values of the two 
adjacent stations, divide the sum by 4. This value is then 
set aside for that station for later recompilation of a new 
profile while advancing to the next station to perform 
the same procedure (see Figure 10). A 5-point running 
average might utilize a weighting factor of 4 for the cen- 
tral point, 2 for each adjacent point, and 1 for the out- 
side points while dividing by 10 to obtain the averaged 
value. More sophisticated techniques are also possible 
such as polynomial curve fitting, least squares, digital 
bandpass filtering, etc. The number of points or interval 
over which the averaging or filtering is to be performed 
for removal of such ’noise’ should be much shorter 
(perhaps to than the anomalies of interest. 

Rernovcli of Region81 Gradients 
In most cases, the anomalies of interest usually appear 
superimposed on a much broader anomaly which is not 
of interest. This broader anomaly, or regional gradient, 
due to the main earth’s field or very deep or distant 
sources, may appear simply as a component of slope in 
tne curve and although it is subjectively determined, is 
often removed from the data in order to better examine 
the anomaly. This gradient is removed from a single 
profile as shown by Figure 7 7  by drawing a straight Jine 
or broadly-curved line through the non-anomalous por- 
tions of the curve. The values are then subtracted at 
each station and replotted to present the ‘residual’ 
values, hopefully expressing only the anomalies of 
interest which in this case would be the anomalies 
occurring at the shallower depths. The vertical gradient, 
measured according to the methods prescribed in 
Chapter VIII, also serves to remove or largely reduce 
the regional gradient. 

Contour Maps 
Most survey traverses are not sufficiently close nor well- 
arranged in plan to allow the compilation of a contour 
map. Such is usually the case when only mineral explor- 

ation data are desired, in broad reconnaissance surveys, 
or when surveying in extremely rugged terrain where 
large areas are otherwise inaccessible. Profiles are, in 
fact, usually adequate particularly for anomaly sources 
with very long, horizontal dimensions. Contour maps are 
nevertheless useful in cases where little is known of the 
geology or magnetic sources, where the anomaly 
sources are either small or extremely large, or for ascer- 
taining, on a more objective basis, the distribution of the 
anomalous masses or very subtle longer Wavelength 
features. Many surveys for search also require broad 
coverage and perhaps contour map presentation. An 
alternative to the construction of contour maps for 
broad two-dimensional coverage is the presentation of 
‘offset profiles’ or profiles plotted on abscissae which 
also serve to show the location of the traverse lines 
drawn on a map. 

Constructing a contour map requires that large effects 
from diurnal variations or the heading effects, if any, be 
removed; that is, that there be a Single datum level for 
all traverses or readings. The process of removing the 
regional gradients, as described above, frequently 
serves to remove these other sources of errors as well 
and is satisfactory as long as one is not interested in 
the longer wavelength anomalies removed as part of 
the gradient. 

The f2llowing guide should be useful to one not familiar 
with the techniques of constructing a magnetic contour 
map, or plan view of the anomalous total intensity. A 
contour or iso-intensity map is analogous to a topo- 
graphic map and is a map on which are drawn lines 
(contours) of equal intensity, at convenient and regular 
intensity intervals, as would be observed were a mag- 
netometer used to occupy every point on the surface 
of the ground. The contoured values are at best extrapo- 
lations and interpolations across areas where measure- 
ments are not actually taken. Such a map is drawn 
with the knowledge that the magnetic field is smoothly 

Figure 11. 

NON-LINEAR REGIONAL 

Removal of Regional Gradient 

LINEAR REGIONAL 

RESIDUAL 
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varying and on the assumption that one is interested 
only in broad features expressed by such a map. Fea- 
tures much smaller than the spacing between adjacent 
traverses should be examined on a profile basis only and 
should not be sought nor included on a map presentation. 

Conrtruction of a Contour Map 

Given a set of readings obtained on a traverse, the time 
variations, if significant, should be removed, perhaps the 
regional gradient removed and the profiles smoothed. 
Values are then selected from these smoothed profiles 
at widely-spaced intervals not less than, say, Y2 or I/, the 
spacing between adjacent traverses or at similarly spaced 
but significant points on the profile, namely, maxima, 
minima, inflection points, etc. In other words, the values 
to be contoured should be more-or-less equally distrib- 
uted in plan view. Anomalous features which ‘obviously’ 
extend across several traverses might be included also. 
The total intensity values thus selected and representa- 
tive of the principal features are posted at their proper 
locations on a base map made of material which will 
support numerous erasing of penciled lines and including 
references to location. 

Examine the dynamic range of the values and select 5 
or 10 intensity levels through this range at convenient 
values such as every 20, 100. or 1000 gammas. Draw 
these contours according to the instructions below and 
then fill in the intermediate contour lines, Le., every 10, 
50, or 500 gamma contours, depending upon which 
coarse valuse above were originally selected, until con- 

/ 
0 

75 

tours appear in all segments of the map. Magnetic 
intensity values and contours should, in theory, be . 
smoothly varying and should thus be smoothed at the 
later stages of contouring by removing sharp bends or 
corners. After such smoothing. other Contour lines as 
needed to cover the map adequately are carefully drawn 
between the fair-drawn contours and appropriate labels 
applied. In areas of steep gradients, Only a few coarse 
contour lines are drawn to avoid numerous and insigni- 
ficant fine details. Since closed contours (closures) 
appear the same for maxima and minima, they are dif- 
ferentiated by applying hashure marks or other indica- 
tions on the inside of the minima. 

The position of the various contours is selected by 
manually (eye and mental calculation or by using pro- 
portional dividers, although not really necessary) inter- 
polating linearly between all the neighboring values as 
shown in Figure 12. In this case. it was decided to draw 
contours at 10 gamma intervals. The contour line near 
data point value 91 would subsequently be smoothed 
to pass through this data point following the guidelines 
given above. 

Contour lines should never cross nor pass between pairs 
of data points which are both higher or both lower than 
the value of the contour. Also in some regions of zero 
or near zero gradient such as at a saddle point (region 
between two adjacent maxima or minima), there exists 
an ambiguity in the direction of the lines. However, it 
does not matter under such conditions which of the two 
possible sets of contours are drawn. 

c 

-. 85 
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0 -  
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90 MANUALLY INTERPOLATED POINT - - - CONTOURS DRAWN THROUGH 
INTERPOLATED POINTS 

Figure 12. Interpolation and Contouring 
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Introduction 
Total magnetic intensity disturbances or anomalies are 
highly variable in shape and amplitude: they are almost 
always asymmetrical, sometimes appear complex even 
from simple sources, and usually portray the combined 
magnetic effects of several sources. Furthermore, there 
are an infinite number of possible sources which can 
produce a given anomaly. The apparent complexity of 
such anomalies is a consequence of the net effect of 
several independent but relatively simple functions of 
magnetic dipole behavior. With an understanding of 
these individually simple functions however, and given 
some reasonable assumptions regarding the geology, 
buried object or whatever other source one is seeking 
to understand, a qualitative but satisfactory interpreta- 
tion can usually be obtained for most anomaly sources. 

The interpretation, explanation and guide presented 
here is directed primarily towards a qualitative interpre- 
tation for both geological reasons as well as search 
applications, Le., an understanding of what causes the 
anomaly, its approximate depth, configuration, perhaps 
magnetite content or mass, and other related factors. 
But even if qualitative information is derived from the 
data, it is important to have applied a reasonable amount 
of care in obtaining precise measurements. Quantitative 
interpretations are possible, but are applied more to air- 
borne data, entail relatively complex methods for depth 
determination, and are the basis for a relatively large 
body of literature on the subject, references to which 
are given in the Manual. 

An  anomaly represents a local disturbance in the earth's 
magnetic field which arises from a local change in mag- 

DIPOLE 

netization, or magnetization contrast as it is termed. A 
profile, for example over a very broad uniformly mag- 
netic surface, although magnetic itself, will not exhibit 
a magnetic anomaly as there is no local change in 
magnetization. A local increase or even decrease on the 
other hand would constitute such a change and produce 
a locally positive or negative anomaly. 

The observed anomaly expresses only the net effect of 
the induced and remanent magnetizations which usually 
have different directions and intensities of magnetization. 
Since the remanent magnetization is so variable and 
measurements of its properties seldom made, anomalies 
are all interpreted in practice as though induced magnet- 
ization were the total source of the anomalous effects. 

Asymmetry 
The asymmetrical nature of total field anomalies is pri- 
marily a consequence of the directions of the field lines 
of the locally created magnet or source and the earth's- 
field-component nature of a total field magnetometer in 
the usually-inclined direction of the earth's magnetic 
field. Recall that a total field magnetometer measures 
only the component of any local perturbation which is 
in the direction of the earth's magnetic field at that point. 
Anomalies in the earth's field, whether created by induced 
or permanent magnetization, exist as arrangements of 
magnetic dipoles, monopoles (effectively), lines of dipoles 
and monopoles and sheet-like distributions of such poles. 
It is important therefore to understand the nature of the 
dipole or monopole field as it will be shown that a sum- 
mation of such elementary forms will explain the most 
complex characteristics of anomalies and facilitate their 
interpretation. Notice, for example in Figure 73, the con- 

MONOPOLE 

Observed total 
field lines of 

flux 

Figure 13. 
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figuration for such fields as they would appear if one 
were to measure the direction of the anomalous field. 

Depth Dependence 
Another significant characteristic of a magnetic anomaly 
is its variation with the depth between the magnetometer 
and source, the deeper the source, the broader the 
anomaly as expressed in Figure 14. It is this property 
which enables one to determine the approximate depth 
to the source independent of any other information con- 
cerning the source. I f  one familiarizes himself wrth only 
one subject in this discussion on interpretation, it should 
be the general characteristics of anomaly wavelength, 
or width, as a function of depth. A knowledge of this 
subject allows rapid and easy interpretation of anomalies 
of interest when numerous anomalies arising from vari- 
ous depths appear in the observed total intensity profile. 

Other Anomaly Shape Facton 

Other factors which affect the anomaly shape and ampli- 
tude are the relative amounts of permanent and induced 
magnetization. the direction of the former, and the 
amount of magnetite present in the source compared 
to the adjacent rocks. The actual configuration of the 
source, that is, whether it is narrow, broad or long in 
one dimension and its direction in the earth's field. also 
control the anomaly signature. 

Gsoiogical Models 
Geological anomalies are interpreted in terms of much 
simplified geological models which very much facilitate 
interpretation procedures. The first simplification is the 
assumption that magnetization is uniform within some 
elementary prismatic form and that the magnetization is 
different outside this form, Le.. there is a magnetization 
contrast. Typical of the kinds of geologic sources that 
are assumed to cause anomalies are those which are 
shown in Figure 75. 

As was stated, in any potential field method the given 
magnetic signature can be produced by an infinite com- 
bination of sources so that there is no unique interpreta- 
tion. For example, the same anomaly could be produced 
by the peculiar distribution of magnetite (unrealistic 
geologically), and a uniform distribution of magnetite 
within the prismatic form (realistic), both of which are 
shown in Figure 16. It must be emphasized that not only 
are simplifications required, but a reasonable geologic 
framework must be used as a guide when considering 
the various possible sources. A typical set of anomaly sig- 
natures of various sources might appear as in Figure 77. 

Elementary Dipoles and Monopoles 
Since anomalies are explained herein in term of various 
arrays of dipoles and monopoles, it is important to exam- 
ine their geometry and intensity characteristics. A mag- 
netic dipole produces a field with imaginary lines of flux 
as shown in Figure 18. The intensity of the field, which 
is proportional to the density of the flux lines is drawn 
as lines of equal intensity to express this relationship 
From Figure 78, notice that 1) the intensity of the dipolc 
is twice as large off the ends of the dipole as it is at the 
same distance off the side of the dipole. This explains, 
for example, why the earth's magnetic field is approxi- 
mately 30,OOO gammas at the magnetic equator and 
60,OOO gammas at its poles; 2) the direction of the field 
off the side of the dipole is parallel to the dipole itself. 
but opposit@ in sense; 3) the direction of the tangent of 
the field lines of a dipole are parallel along any radial 
line from the dipole. 

A monopole has field lines which point radially in or out 
from the positive or negative monopole respectively. The 
intensity is constant at a given distance and any direction 
from a monopole. In actual fact, there are no magnetic 
monopoles, but only dipoles whose ends are far apart. 
For all practical purposes, however, monopoles exist in 
terms of the distance to the source and such geological 
configuration as shown in Figure 73. 

' 

'., 
..' 

Fi@re 15. Geological Model Representatiom of Common Magnetic Anomaly Sources 
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Figure 16. Possible Geologic Sources Producing Same Anomaly 

Having outlined the qualitative geometry of the intensity 
T from a dipole, the quantitative aspects can be con- 
sidered as follows: 

The intensity, T. from a dipole can be expressed as 
2M 
r3 

M 

r3 off the side of the dipole, 

in any direction from a monopole, where 

M = magnetic moment and r is the distance to the pole. 
A more detailed mathematical formulation for the inten- 
sity due to a dipole is given subsequently in this Chapter. 

Simplified Method for Total Field Signature 

T = -along the axis, i.e., off the end of the dipole, 

and T = - along a line at right angles to the dipole.i.e., 

and for a monopole 

T =- 
r2 

LINES OF FLUX (-I 
AND 
LINES OF EQUAL INTENSITY (-4 
FOR A DIPOLE 

Figure 18. 

\\ L G  

From the above description of a dipole and monopole 
and with the knowledge of the earth’s-field-component- 
nature of the total field magnetometer, it is possible to 
sketch the signature of an anomaly fsr any given orien- 
tation of the dipole (orientation caused by field direction. 
the direction of remanent magnetization, or by the con- 
figuration of the geology). It is helpful to draw such 
signatures at various inclinations of the magnetic field 
to understand where the sources wwld be located with 
respect to the signature, the dip of the magnetization 
producing the anomaly, and even for information related 
to the depth of the source. Remember that all anomalies 
can be considered as caused by various distributions of 
dipolar and monopolar sources and it is possible to 
produce any anomaly simply by the super-position of 
such dipole or monopole signatures derived here. 

Figure 17. Typical Anomalies for Simple Geologic Models 
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Figure 19. 

DIPOLES 

i Earth’s Field Component Behavior 
This method of predicting or drawing the anomaly sig- 
nature depends upon one property of the fie!& namely. 
inclination, and three properties peculiar to the dipole 
or monopole source, whichever is assumed. The dip of 
the earth’s field is first considered because this is the 
direction, the only direction, of the components of any 
local magnetic anomalies which are measured by a total 
field magnetometer. (If one is using a vertical component 
magnetometer, this guide still applies except that instead 
of using the earth’s field as the direction of measurement, 
simply use the vertical.) In other words. the magneto- 
meter will only measure the component of a local per- 
turbation in this direction, Le., as projected into this 
direction. See Figure 2Q. 

Dipoles VI. Monopoles VI. Arrays of Poles 
The decision to use dipoles, monopoles, or other con- 
figurations as the model is based upon the manner in 
which the earth’s field induces a local field and this in 
turn depends upon the configuration of the geologic 
body which exhibits the magnetization contrast and the 
direction of the field. For example, a long body which 
nearly parallels the earth’s fieid will tend to be magne- 
tized along its long dimension. Furthermore, if the body 
is sufficiently long with one end near the magnetometer, 
the anomaly will appear as a monopole seeing only the 
upper pole with the lower pole removed effectively to 
infinity. If the same long, thin body were normal to the 
field, it would then be magnetized through its thinest 
dimension producing the sheet-like array of dipoles as 
shown in figure 19. 

One may wish to draw on the typical models depicted 
in Figure 75, the array of poles from a uniform earth‘s 
field at various inclinations and orientations of the source. 
Whether the monopoles or the dipoles (and its equiva- 
lent line or sheet distributions) are close or far apart, 
determines if the model is to be considered a dipole or 
monopole, respectively (see, for example, Figure 34). 

Configuration of Field Lines. 
The first property of the dipole or monopole which is to 
be considered is the Configuration of the field lines (see 

Flgure 13). When superimposed upon the component 
which is measured by the total field magnetometer, it 
can be seen that the relative lengths of the disturbance 
vectors that are measured are those shown in figure 21 
for an induced dipole and monopole source. It is the 
relative length of these disturbance vectors drawn along 
the total field direction that is measured, each disturb- 
ance vector, in turn, weighted by the intensity functions 
described below. 

Dipole and Monopole Fall-Off Factor 
The next factor to be considered is the variation of 
intensity with distance, i.e., 1fr3 and 1fr2 factors for the 
dipole or monopole fields respectively and as expressed 
in the preceding equations. The relative intensity for 
dipoles or monopoles as a function of distance to their 
centers as would be observed along a traverse is pre- 
sented in Figure 22 and described mathematically under 
“Anomaly Amplitude” below. This factor multiplies the 
length of net vectors in figure 21. 

Dipole Factor-of-Two 
The last consideration really only applies to the dipole 
and that is a factor of 2 when one is off the end of the 
dipole compared to a position off the side. In other 
words, at a given distance, the intensity varies by a fac- 
tor of 2 as a function of the angle between the radial 
line to the dipole and the dipole axis. This function is 
shown approximately in Figure 23 for the dipole used in 
the example. The monopole possesses radial symmetry 
and therefore requires no such consideration. 

Application of Wthod 
A dipole and monopole signature is thus constructed in 
Figure 24. The amplitude is dimensionless, but can be 
compared to a real anomaly by multiplying by a single 
factor derived below from considerations of volume, 
susceptibility. etc. However, applying these factors even 
qualitatively should allow one to draw the dipole and - 
monopole signatures for variously inclined fields and 
geometries. Figure 25, for example, is.drawn free-hand 
for anomalies in vertical field (90’ inclination), magnetic 
equator and mid-southern latitudes. By simply sketching 
in the earth’s field direction and the dipole’s field lines 
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Figure 20. Direction of Components Measured by Total Field Magnetometer 

Figure 21. Total Field Components of Tangent to Field Lines of Dipole and Monopole 

1 MONOPOLE - 1 DIPOLE - 
r' r' 

Figure 22. Fall-off Rate 
(Relative intensity or length of vectors in Figure 21) 

Figure 23. Aspect F m o r  
(Relative Intensity of Dipole of Figure 21 with Respect 
to Angle from Axis a t  Various Points Along Profile) 

Figure 24. Dipole and Monopole Signatures (Constructed from Figures 20-23 according to methods described in text.) 
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without consideratton of the other last two factors, it is 
possible to appreciate the basis for: 

a negative anomaly over sources at the mag- 
netic equator, 

absence of anomalies in the central portion of 
elongate N-S anomalies at the equator, 

both positive and negative fields for almost any 
anomaly, 

changes in anomaly character for different direc- 
tions of the dipole, 

asymmetry of anomalies, 

monopole which has only positive sense yet for 
most inclinations still produces a total intensity 
anomaly with both positive and negative 
portions. 

The simple exercise of drawing such anomalies may also 
elucidate other characteristics of signatures, which to 
many not familiar with magnetics or such behavior as 
shown here, appear to be complex and difficult to 
comprehend. 

Based upon the above procedures. applied qualitatively. 
and upon the manner in which lines of flux are induced 
in various configurations of geologic bodies and ambient 
field directions and inclinations, it is possible to derive 
the various signatures shown in Figure 26 (drawn free- 
hand). By varying the effect of depth as it produces an 
anomaly of longer wavelength. and by building com- 
posite anomalies such as summing the effect of 2 faults 
to create a single wide, shallow dike, it is also possible 
to generate a composite curve demonstrating the effect 
of different sources and different depths which is the 
typical observation. 

Contour Presentation of Dipole and Prism Anomalies 
Profiles of total intensity are usually the only form of 
presentation from ground measurements even when data 
are taken on a 2-dimensional array. If measurements are 
taken properly, however, it is possible to construct a 
contour map by the methods described in Chapter IV. 
It is therefore useful to examine a few special cases of 
contour maps that would be expected over simple sources 
such as a dipole and a wide, vertical prism in various 
latitudes. Such a contour map also allows one to extract, 
even by simple inspection, how a given profile would 
appear at various positions over such simple-shaped 
forms which is useful information both in search and in 

:.! 
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Figure 25. Free Hand Sketch of Dipole and Monopole for Various Inclinations 
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Figure 26. Anomalies for Geologic Bodies at Various Orientations and Different Inclinations of the Field 
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geological exploration, Contour maps and selected 
profiles drawn across the anomaly are sketched in 
Figure 27. 

Anomaly Amplitude 
Amplitude Estimates for Common Sources 
The large amplitude commonly observed anomalies 
(several hundred gammas or larger) are almost always 
the result of a large magnetization contrast, Le., change 
in lithology where one igneous rock is in juxtaposition 
with another or with a sedimentary or metamorphic 
rock of much lower susceptibility. It must be remembered 
that magnetization of common rocks varies over ti orders 
of magnitude. Anomalies due to structure alone, i.e., 
varying configuration of a uniformly magnetized rock, sel- 
dom produces anomalies larger than 10 or 100 gammas. 

The relative amplitude of a given anomaly (signature) 
has been shown to be a function of the earth's field 
direction. the configuration of the source and the rem- 
anent magnetization if any. The maximum amplitude of 
an anomaly is, on the other hand, largely a function of 
the depth and the contrast in the mass of magnetite (or 
iron, etc. in the case of search), and to a lesser extent, 
the configuration of the source. It is of interest to be 
able to estimate the maximum amplitude for a given 
source in order to 'model' it for the sake of interpreta- 
tion. This estimated amplitude can be used with the 
normalized, i.e., dimensionless, anomaly signatures 
above and in Figure 26 to produce the anomaly one 
wishes for comparison with the observed. Estimation of 
the maximum anomaly amplitude is also useful in plan- 
ning a survey or planning the grid and coverage neces- 
sary in search applications. 

For a few generalized configurations, it is relatively 
simple to estimate the maximum anomaly amplitude 
(at a single point above the source) assuming a depth, 
susceptibility and much simplified shape of the source. 
Expressions are given in the literature for calculation of 
anomalies of more complex figures and later in this 
section the calculation of the complete signature, Le.. 
the amplitude as a function of distance along the pro- 
file for a few simple forms. The methods described 
herein are merely order-of-magnitude techniques, but 
are useful for the applications covered by the Manual. 

Estimation of the maximum anomaly for comparison 
with a given source requires first that the signature be 
studied for the nature of the source; namely, whether 
the source can be approximated as an isolated dipole, 
monopole, or line or sheet-like array of such. in the 
case of the latter two, adjacent traverses or a contour 
map may be required to determine if it is P-dimensional, 
i.e., very long normal to the traverse. A depth is then 
assumed or crudely estimated (according to procedures 
that follow). In addition, the susceptibility is assumed 
or if source rocks are accessible, it is measured follow- 
ing methods outlined in Chapter VI. The formulae below 
can then be used remembering that they are based 
upon simplifications and assumptions and are often no 
better than a factor of two. 

The basic expression for estimating the maximum 
amplitude of any anomaly is M 

rn 
T =- 

where T is the anomaly, M the magnetic moment, r the 
distance (depth) to the source, and n a measure of the 

rate of decay with distance, or fall-off rate (n = 3 for a 
dipole, n = 2 or a monopole, etc.1. 

Since the magnetic moment M (and k) is usually given 
in centimeter-gram-second (cgs) units. r must be in 
centimeters, n is dimensionless and T is in gauss. To 
express T in gammas, multiply M by 105; if r is in feet, 
multiply r by 30 and raise the quantity 30r to the expo- 
nent n, e.g., if the source is a dipole, then n = 3, and if 
say, r = 2 feet, M = loo0 cgs, 

. 

then T = lo00 x lo5 
(2 x 3 0 ) 3  

= 460gammas. 

Dipole and Monopole Signatures 
in Vertical and Horizontal Fleldr 
The very generalized expression for the maximum anom- 
aly one may expect from a dipole or monopole was pre- 
sented above in its very simplest form. It may be of 
interest, however, to construct the signature Qf a dipole 
or monopole in a vertical or horizontal earth's field as 
would be observed by a total field magnetometer along 
a traverse over the source. 

Apart from any total field considerations, a dipole has a 
field with magnitude and direction given by the radial 
and tangential components, Tr and To, according to the 
following expression and for the geometry shown. 

2M cos B 
r3 

Tr 5-  

M sin 8 

rJ 
To = - -  

Where the earth's field is vertical or nearly vertical (dip 
70" to 90°), the dipole, if induced, would also be vertical 
and the total field magnetometer would measure the 
component, Tz along this vertical direction, where 

fz = Tr COS 8 =+ To sin 8 

2~ cos28 - M sin28 

t I 

As before, Tz 7 TF = T,  the anomaly. 

At x = 0, 
2 M  

23 
T 1- 

0.175M T =- at  x = f Z ,  

at x = 2 4 2 2 ,  T = O  

at x = 2 22 T=- 

z3 

-0.04M , 

z3 
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Figure 27. Contour Maps of Total Intensity 
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For magnetic equatorial fields, the induced anomaly is 
horizontal and the total field magnetometer would meas- 
ure the components shown and expressed by 

T, = Tr cos 0 .t f g  sin 0 

2 M cos*B - M sin2@ 

r3 
- - 

M (2x2 - 22) - 
(x2 + 22) y ’  

as before, Tx = fF = T the total field anomaly, where, 

at x = 0, 
M 
2 3  

T = -- 
Z 

at x = f-, 

T = O  \/2 

at x = + z ,  
0.175 M 

T=- 
I -  

23 

0.125 M 
T = -  

23 

at x = 2 2 2 ,  

The monopole shown here has only radial components 
whose intensity is expressed by 

M 
Tr = - 

r2 
The monopole anomaly in a vertical field as measured 
by a total field magnetometer would be the component 
in the z direction (vertical) or 

T, = T ~ C O S ~  
M cos e = -  

r2 

M c 
assigning T, = T. the anomaly 

at x = 0, 

at x = f z, 
0.35 M 

T = -  
22 

at x = * 2 z ,  
0.09 M 

22 
T=- 

The monopole field in a horizontal field would be meas- 
ured by a total field magnetometer as the horizontal 
component, Tx where 

Tx = Trsin8 
M 

= --sin8 
r2 

Mx 
P -  

( ~ 2  + ~ 2 ) ~ / ~  

Again, Tx = TF = T, the anomaly, where 
at x = 0, 

at x = z, 
T = O  

0.35 M 
22 

0.35 M 
22 

TI -- 
at x = - 2. 

T t  - 
at x = 2 t ,  

0.18 M 
22 

T =  -- 
at x = - 22, 

0. t8M 
T =  - 

12 

Maximum Amplitude Given 
Magnetization and Generalized Form 

The magnetic moment M is more usefully expressed as 

where I is the magnetization (Le.. magnetization contrast) 
per unit volume and V the volume. This magnetization 
is composed of a usually unknown proportion of rema- 
nent magnetization, I , ,  and induced magnetization Ii. 
The latter as expressed in Chapter Ill is 

where k is the magnetic susceptibility per unit volume 
and F the earth’s field or ambient inducing field. (NOTE: 
Since I, is seldom known, an effective magnetization. 
I = li + lr, will always be used. Also it is assumed that 
k4O-2, Le., the source under consideration contains 
less than 10% magnetite; then one can ignore what is 
known as demagnetization effects in the calculation of 
anomaly amplitude). 

Therefore, for a dipole which can always be assumed 
for a source all of whose dimensions are small with 
respect to the distance (less than or to the 
magnetometer, 

M lV kFV 1s- t- =- 
r3 r3 r3 

M = IV 

li kF 
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If the source is approximately spherical, then 

kF (+ n R 3 )  
r3 

T =  

where R is the radius of the source as in Figure 28 

If the measurement is made along the axis of the dipole 
(see figure 29), then 

2kF ( 4  nR3)  
r3 

T -  

Figure 28. Anomaly of Sphere in Horizontal Field 

For the same ore body in an equatorial field where F 
= 30,000 gammas and the induced dipole is now observed 
at a point on a line normal to the axis (no factor of 2) 

T = - 3.6 gammas 

Thus a given dipolar Source in an equatorial field will 
have only y, the maximum anomaly amplitude it would 
have in a polar region. 

The above expressions are usually valid only for such 
sources as a small distant ore body (containing magne- 
tite), small structure in deep basement, or most objects 
involved in search applications (see Chapter VII). The 
magnetization is expressed in gauss or gammas as 
desired. Since the anomalies are also expressed in terms 
of magnetic units, it follows that the units of dimension 
in the numerator must be of the same order as the 
denominator since they must cancel. Therefore, for a 
dipole whose anomaly varies as 1 (said to have a fall- 

off of ), the volume, V, has dimensions of R3. In the 

case of a monopole, which varies as - , the magnetic 

moment, M, is equal to IA where A is surface area and 
has dimensions of R2. Consider for example, a vertical 
basement intrusive in a polar region with an upper sur- 
face lo00 feet in diameter at a depth of 5OOO feet, with 
asusceptibilitycontrast of 102in afieldof 60,000gammas. 
Thus, 

r3 

r.' 
1 

r2 

2 
- lo-' X 6 X lo4 X n ( 3 )  = 18 gammas. 

kF  nR2 

r2 
T =-- 

1 Figure 29. 
Anomaly of Sphere in Vwticai Field TF 

As an example, consider an ore body 100 feet wide 
(R = 50), 500 feet deep comprised of 10% magnetite 
(k = 0.3). in a steeply dipping field (60" to 90" latitude) 
in a field of 60,OOO gammas: 

T = 2 (0.10 X 0.3) X 6 X lo4 (?)(s)' = 14.4 gammas 

T 
a 

I 
3 

(NOTE: ALSO VALID FOR END OF N-S HORIZONTAL 
CYLINDER IN HORIZONTAL FIELD) 

1 
r2 

Horizontal prisms or cylinders also vary as - , with 

magnetic moment M equal to 21A (IA for E-W horizontal 
prisms in equatorial regions) where A is the cross-see- 
tional area of the prism (see Figure 30). (NOTE: The 
long horizontal prism varies as I not because it appears 

to be comprised of a monopole, but because it is a line 
of dipoles (in steeply dipping fields) and the effect of 
adjacent dipoles along an infinitely long line is 'seen' 
more by the magnetometer at a distant point of measure- 
ment than if all the magnetization were concentrated at 
a point as in an isolated dipole). 

fl2 

T 

2kF rR' 
T -- 

P 
(NOTE: ALSO VALID FOR E-W HORIZONTAL CYLINDER 

IN HORIZONTAL FIELD) 

Figure 30. Anomaly of Vertical and Horizontal Cylinders 
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A narrow, vertical dike in steep field or the edge of a 
horizontal sheet in a horizontal field can be considered 
as a line of monopoles varying as l / r  which is a lower 
rate of fall-off than a single monopole for the same 
reasons given above for a horizontal cylinder (see Fig- 
ure 31). The magnetic moment M = I t  where t = width of 
dike. Since the anomaly varies as l / r ,  the dimensions 
of t are simply length. As an example, a vertical dike 
might be 100 feet wide, at a depth of 500 feet, with 
k = 10-3 in a field of 50,000 gammas, or 

lo-' X 5 X 10' X 10' kFt 
. = 10 gammas T =-=  

r 5 x  10' 

T 

kFt 
T 9- 

r 

WHERE t < r 

Figure 31. Anomaly of Narrow Vertical Dike 

A common point of ambiguity arises with such simplified 
schemes as these in the case of a dike which is nearly 
as wide as it is deep. In this case, the anomaly is approxi- 
mated as something between a line of monopoles as 
above and a sheet of monopoles as shown in the follow- 
ing. Moreover, as the dike is even wider than its depth, 
It can be approximated simply by 2 faulted contacts with 
'no anomaly' in between. 

?or a semi-infinite slab of material such as a rock sur- 
face of great thickness and breadth in a non-horizontal 
field, the flux lines do not vary in direction or density 
above the slab, therefore the field does not vary at all 
with distance to its surface (similar to the limit of the 
spherical dipole above where R = r) so that 

M 281 

ro 1 
T =-= -  ,or T = 277 kF 

which is useful in estimating the magnitude of the anom- 
aly at a vertical fault (see Figure 32). For example, con- 
sider two rock types at a vertical contact of k = lo-: and 
k = 10-5 for an effective susceptibility contrastDf k = 10-3 
(10-5 u 0 relative to 10-3) and where F = 50,OOO gammas. 
Thus 

T = 2n X loo3 X 5 X IO4 = 300 gammas 

If the rocks had k = 10-4  and 10-3, the effective suscepti- 
bility contrast would be 

lo-.' - = 10 X - = 9 X  and 

T = 27~ X 9 X X 5 X lo4 = 270 gammas 

This simple example of two adjacent rock types is prob- 
ably applicable in more instances in interpretation than 
any of the other geometries discussed above. 

Fiwre 32. Anomaly of Semi-infinite Slab 

Anomaly Depth Characteristics 
In a very approximate fashion, the wavelength, or, effec- 
tive width (or 'half-width' described in the following) of 
the anomaly and, with more accuracy, the width of cer- 
tain characteristics of the anomaly such as slope, are 
measures of the depth to its source. However, recogni- 
tion of the anomaly, the anomaly 'zero' and certain slopes 
would not only appear as different values as determined 
by different interpreters, but they also depend upon 
what is removed as the regional gradient. More objec- 
tive criteria are used in some cases such as the nearly 
straight portions of a slope, and distances and angles 
between inflection points, peak Values and other anomaly 
characteristics. 

Anomaly WIdth 
In general, the anomaly width as shown in Figure 33 is 
on the order of 1 to perhaps 3 times the depth. Thus, 
when an anomaly appears to have a width as such of 
100 feet, it is definitely not produced by a source at 
1000 feet or at 10 feet. but more likely by a source be- 
tween 30 and 100 feet deep (or distant). Such criteria. 
approximate as it is, is nevertheless useful for cursory 
interpretation of profiles end maps. 

Anomaly Depth Estlrnrtlon 
Much is written on the variety and relative merit of meth- 
ods for estimating the depth to the source of anomalies. 
Since the magnetometer is primarily a tool for subsur- 
face mapping and detection, it follows that determination 
of the depth as well as edges of bodies is important in 
its application to geological exploration and search. The 
basis for depth determination is presented here in brief 
which, together with the foregoing background on anom- 
aly behavior, should allow one to at least appreciate 
how a variation in depth affects an anomaly. In most 
cases, one needs only to apply this knowledge quali- 
tatively through visual inspection of a profile. Whatever 
the requirement, depths may be estimated by visual 
inspection, several rules of thumb, modeling (i.e.* caicu- 
lation of assumed source and comparison with obsetved), 
measured gradient techniques (see Chapter Vlll), or 
various computersriented procedures. As was dernon- 
strated earlier, a given anomaly could have an infinite 
number of possible sources and source depths, but the 
realistic models that are assumed usually produce maxi- 
mum depth estimates. 

Knowledge of the depth of a particular formation or 
source may have considerable geological significance 
as it determines the nature or configuration of a forma- 



tion, the slope of its surface and its discontinuities. The 
depth to various points on the surface of crystalline rock 
or magnetic basement allows one to map that surface 
and its topography and structures to depths exceeding 
30,000 feet and to infer thickness of sediments or con- 
formable sedimentary structures above it for exploration 
of petroleum, sedimentary ores, placer deposits or 
groundwater. Areas underlain by pediment or other 
sedimentary deposits may be ruled economic or non- 
economic according to depth. The depth to ore deposits 
associated with pyrrhotite, magnetite or ilmenite may 
be estimated as an aid to a drilling program or even 
for estimation of total tonnage of magnetic iron ore 
deposits. Black sand deposits of rutile, zircon, monazite, 
diamonds, gold, platinum, etc. are often associated with 
other high density, very resistant yet magnetic minerals, 
namely, magnetite or ilmenite. The depth to objects of 
search whether buried iron or man-made structures is 
invaluable in guiding the subsequent excavation efforts. 

Identification of Anomaly 
The anomaly of interest must be identified and discrim- 
inated against the obscuring effects of others. Recogni- 
tion of the anomaly itself is usually the most difficult 
aspect of depth determination because of the composite 
effects of multiple sources, sources at various depths 
and at various distances in any direction from the mag- 
netometer. Only the net effect of all anomalies are meas- 
ured by the magnetometer Since it has no inherent 
discrimination ability at the disposal of the operator. The 
anomaly should be inspected to ascertain the probable 
source and, if complex, the possible combination of 
sources. For example, a wide, shallow dike will appear 
as two anomalies which may or may not coalesce 
depending upon the relative width and depth. A very 
broad anomaly or regional gradient (described in Chap- 
ter IV). is usually caused by anomalies which are ex- 
tremely deep or distant or by the normal variation in the 
earth's magnetic field. If one wishes to remove this 
gradient, it can be done either by drawing a straight 
line through the non-anomalous portions of the profile 
(away from the anomaly of interest) or by drawing a 
very smooth but broad wavelength curve through the 
data of much longer wavelength than any anomalies 
of interest. This regional gradient or background is then 
subtracted from the anomaly and the remaining, or 
residual anomaly, replotted. It is this anomaly which is 
then interpreted for either depth or for amplitude or 
general configuration of sources as described in 
Chapter IV. 

Fail-Off Rate 
The variation of anomaly amplitude with distance, or 
fall-off rate, is important in the interpretation of anom- 
alies for it relates the anomaly to depth, it describes in 
a general way the configuration of the source, and it 

assists in determining susceptibility and mass of the 
causative magnetite. Recall that the anomaly from a 
dipole varies as 1 and that of a monopole as - . The 

fall-off rate, in actual practice, does not involve precisely 

1 
r3  r2 

such factors or exponents but, in fact, is typically 1 ,L. 
r2.S $6 

etc., or even1as described above. In other words, 

various configurations of dipoles, monopoles, lines and 
sheet-like distributions of these poles constitute a con- 
tinuous series of fall-off rates even in the vicinity of a 
single anomaly as one is much closer or further away 
from the source. 

ro 

Representing various geologic sources as simple pris- 
matic bodies, one may assume the following fall-off 
rates: a dipole will be produced by a source all of whose 
dimensions are small (less than compared to the dis- 
tance between the source and magnetometer). Such a 
body is rarely seen in nature except as a very confined, 
usually magnetite-rich ore body. A monopole varying as 
-!-will be produced by a long. thin, vertical prism, such 
r2 

as a narrow vertical intrusive in steeply dipping fields 
or a horizontal cylinder striking N-S in equatorial fields 
(e.g., a N-S anticlinal structure on the basement, one 
end of which is near the magnetometer). A line of di- 
poles is produced by a long, horizontal cylinder mag- 
netized through its short dimension as in steeply dipping 
latitudes or striking E-W in equatorial regions. Such a 
cylinder will also vary as - . A line of monopoles would 

effectively be observed near one edge of a dike dipping 
in the direction of the field and would vary approximately 
as 1 . At a point above a horizontal semi-infinite sheet, 

the field would vary inversely as - = 1, which is another 

way of expressing the fact that the field does not vary 
at all with distance from a horizontal semi-infinite sheet 
of monopoles or dipoles. A wide vertical dike in a steep 
field or the edge of a fault might represent combinations 
between a line of dipoles or sheet-like distribution of 
monopoles and may thus vary as 1 or 1 or less. Fig- 

ure 34 indicates these variations. 

Assumptions on Maxlmum Amptltude 
and Depth Estimates 
Unless the remanent magnetization is actually measured, 
it is generally disregarded, and only the induced magnet- 
ization and susceptibility are utilized in these expres- 
sions. The magnetic anomaly calculated from these 

1 
r2 

1' 
r 

ro 

r2 ro.s 
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HALF-WIDTH 

f MIN 
SPHERE Z - 2.5Xx 
(DIPOLE) v -F * 

N-SCYLINDER Z = 1.3Xx 

,5 
-F 

(MONOPOLE) 
E-WCYLINDER 2 = 2Xx 

(LINE OF DIPOLES) EDGEOFSHEET 2 X x  
(LINE OF MONOPOLES) 

Figure 36. Half-width Rules - Horizontal Field (Equatorial) 

highly simplified expressions represents the maximum 
amplitude from the local zero, non-anomalous field to 
the positive peak value in the northern and sourthern 
latitudes and to the minimum negative value in equa- 
torial regions. It does not represent the peak-to-peak 
value which includes both positive and negative portions 
of the anomaly signature. The depth estimates derived 
from any of the techniques described are seldom more 
accurate than 10% of the actual depth and sometimes as 
poor as 50%. By theory most of the estimates are maxi- 
mum estimates so that the actual source will actually 
be at a shallower depth. Moreover, the ‘poles’ or source 
described frequently throughout their chapter are with- 
in the geologic body or object of search and not simply 
on the surface; therefore, such depths are again maxi- 
mum depths. 

Half-Width Rules 
In vertical or horizontal fields, it can be shown, from 
the previous expressions for dipoles and monopoles, 
that for simple forms of anomaly sources, the depth to 
their centers is related to the half-width of the anomaly. 
The half-width is the horizontal distance between the 
principal maximum (or minimum) of the anomaly (as- 
sumed to be over the center of the source) and the 
point where the value is exactly one-half the maximum 
value (see Figure 35). This rule is only valid for simple- 
shaped forms such as a sphere (dipole), vertical cylinder 
(monopole), and the edge of a narrow, nearly vertical 
dike (line of monopoles) in the polar regions. At the 
magnetic equator, the half-width rules are somewhat 
different with the sphere remaining unchanged, an E-W 
horizontal cylinder being a line of dipoles, a N-S cylinder 
being a monopole, and the edge of an E-W striking 
horizontal sheet representing a line of monopoles. The 
rules presented in Figure 36 apply according to the 
corresponding array of poles and in the case of the 
latter two, the half width being the horizontal distance 
between the point of maximum (or minimum) and zero 
anomaly. The half width rules are derived from formulae 
given above in “Dipole and Monopole Signatures in Ver- 
tical and Horizontal Fields”. 

Slope Techniques 
Perhaps the most commonly used set of methods for 
estimating depth are those which utilize criteria involving 
the measurement of the horizontal gradient or Slope at 

the inflection points of the anomaly. Based upon empir- 
ical observations utilizing computed models, these slopes 
are measured according to the horizontal extent of the 
‘straight’ portion of the slope (see Figure 37) or the 
horizontal extent determined by different combinations 
of the tangent or slope at the inflection point, maximum 
of the anomaly and half slopes, etc. Each of these hori- 
zontal distance measurements when multiplied by an 
empirically-determined factor equals the depth to the 
top of the anomaly source. (The straight-slope, for 
example, is multiplied by a factor between 0.5 and 1.5). 
Detailed explanations of these methods are available 
in the references cited. 

= K X ,  0.5 < K < 1.5 

3 
i 

Figure 37. 

Other Depth Estimating Methods 
Modeling techniques require that one examine the 
observed anomaly for its likely source configuration. A 
model is assumed, the anomaly calculated, compared 
with the observed and repeatedly altered until a satis- 
factory fit to the observed data is finally achieved, with 
such work usually performed on a computer. Other 
computer-oriented depth estimating methods include 
programs utilizing Fourier and Hilbert transforms, con- 
volution and other semi-automated prOgrams which are 
usually applied to large volumes of data. Gradiometer 
measurements made with sensors at two points usually 
vertically arranged can also be used for depth estimates 
(see Chapter VIII). 
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interpretation Summa+ 
Interpretation is facilitated if one can thoroughly familiar- 
ize himself with how and why a given source produces 
an anomaly in the earth’s field, the nature of total field 
measurements and the general behavior of an anomaly 
signature with increasing depth. What at first may have 
appeared complex in the interpretation of field profiles 
and maps is more readily understood when the above 
phenomena are examined one at a time, 

The first procedure that should be followed in the inter- 
pretation of a given profile is to focus on the anomaly 
width and shape and attempt to construct at least a 
mental image of the source in realistic geologic terms 
(or object in the case of search) and its depth. Use the 
eye to discriminate against noise and the regional gra- 
dient or filter by one of the suggested techniques. 
Anomalous horizontal gradients should then be used, 
for lack of any other specific criteria, as an indicator 
of the edge of subsurface structures producing a mag- 
netization contrast. Most anomalies on any given profile 
or map represent a simple contrast in magnetization or 
lithology, i.e., the edge of a body. Attempt to correlate 
such features on adjacent lines or interpret them as 
contacts on a total intensity contour map. The cessation, 

displacement. or interruption of otherwise long or con- 
tinuous features may also represent significant geologic 
structural information. However, one must realize also 
that a magnetic survey is only able to map a contact 
where there is a magnetization contrast so that, for 
example. different lithologies on either side of a long 
continuous fault will be mapped only in segments where 
such contrasts occur. 

Changes in the character of the short wavelength anom- 
alies (noise) may also represent mappable information 
if one is careful to evaluate their typical depth so as not 
to be mapping irrelevant soil anomalies. Negative anom- 
alies arising from features of locally lower magnetita- 
tion are as important geologically as the more common 
positive anomalies. Furthermore, the most geologically 
significant anomalies on a given map are probably the 
more subtle ones and not necessarily the largest, most 
prominent anomalies. Lastly, the total intensity profiles 
and maps are not an end in themselves, but are rendered 
usable only when expressed in terms of geology (or 
objects of a search). The more geological information 
one has (or size, magnetic or depth information for an 
object of search) the more valuable the total intensity 
data becomes and vice-versa. 



VI * 

M AGN ET1 C SUSCEPTI B I LITY, MAG N ETIZATI ON 
AND MAGNETIC MOMENT MEASUREMENTS 

Introduction 
Magnetic susceptibility and magnetization of rocks and 
the permanent and ir,.->ced moment of objects can be 
measured in the field using the component measuring 
properties of the proton magnetometer. The procedure, 
at its simplest, involves rotating a sample about a point 
close to the magnetometer sensor on a line which is in 
the direction of the earth’s total field and passes through 
the center of the sensor Measurements of the maximum 
and minimum anomaly observed and the value of the 
field without the sample present is sufficient to allow 
reasonably accurate calculation of magnetic suscepti- 
bility and induced and remanent magnetization (and 
its direction) of all but the weakly magnetized rocks 
and the magnitude and direction of the magnetic mo- 
ment of objects. 

Applications 
Knowledge of the magnetic susceptibility is useful in 
ground follow-up of aeromagnetic surveys to ascertain 
the source of observed anomalies, to determine possible 
magnetite-associated mineralization, and in mapping 
several rock units as a function of their susceptibility. 
Measurement of magnetization may also be useful in 
mapping certain members of volcanic formations, par- 

SPEClMEN ROTATED IN 
ANY PLANE CONTAINING F 

(Le., ROTATED ABOUT ON 
AXIS NORMAL TO F)  

SPECIMEN \ 

ticularly where magnetization reversals are present. 
Measurement of the orientation of the permanent mag- 
netization of rocks provides the basis for paleomagnetic 
measurements for the study of the changes and reversals 
of the earth’s magnetic field. Although such studies 
require the precise direction of the remanence, it may 
nevertheless be useful to make more numerous mea- 
surements easily and in the field using a proton mag- 
netometer if only to a few degrees accuracy. Additioncl 
objectives of such measurements for magnetic moment 
apply to search applications for buried or sunken ferro- 
magnetic objects as described in the following section 
(VII) where such measurements can determine the esti- 
mated anomaly from certain objects of interest and 
thereby aid in the planning for such a survey. Magnetic 
compensation of objects is also facilitated by measuring 
the moments of both the magnetic object and the proper 
compensating magnet to avoid laborious cut-and-try 
techniques. As yet another application of such measure- 
ments, it is possible to classify or identify certain types 
of objects or rock types or their specific identity within 
a class of magnetic objects merely by unique combina- 
tions of permanent magnetization, induced magnetiza- 
tion, the ratio of these, the relative direction of these 
magnetizations, their variability, etc. 

r > 5R. IF POSSIBLE 

T I - - -  
2M r3 *,,,> r’ 

I\, 1 OR ALTERNATIVELY, 

I --I _ -  
r’ r’ 

(WHERE SPECIMEN IS 
ROTATED ON A LINE 

WHICH IS HORiZONTAL 
AND E OR W OF THE 
SENSOR) 

\ \ %  \ 

/ 

. .  
Figwe 38. Schematic of Rotation of Specimen for Measurement of Magnetic Propenies 
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Procedures possible and should be at a distance of 5 times the 

SPECIMEN ABSENT SPECIMEN ROTATING 
H 1 *  

The first step in making such measurements requires 
that the sensor be placed in a fixed position in a mag- 
netically clean area. A string, rod, or other non-magnetic 
line is then placed adjacent to the sensor such that it is 
aligned with the earth's magnetic field vector and allows 
rotation of a fist-size or larger rock specimen, about a 
point at a known distance from the center of the mag- 
netometer sensor and along a line, to be called the 
reference line, containing the sensor, specimen and the 
earth's field vector. (NOTE: The specimen can be on 
either side of the sensor along this line; the measure- 
ments and procedures are unchanged.) Such an arrange- 
ment is shown in Figure 38. Marks should be placed 
along this reference line at perhaps distances of 10, 25, 
50 and 100 centimeters from the center of the sensor. 
(Centimeters must be the units employed as the meas- 
urement objectives of magnetization, susceptibility, mag- 
netic moment, etc. are always expressed in cgs.) 

The earth's field direction can be determined from a 
table of inclination such as appears in Figure 3 in Chap- 
ter I I .  The earth's field direction is oriented as the angle 
of inclination measured downwards from the horizontal 
in a north direction and within a vertical magnetic north- 
south meridional plane. A dip needle can also be used 
to determine this direction. An alternative way of deter- 
mining the precise direction of the earth's field vector 
using the magnetometer itself would be as follows: affix 
a non-magnetic rod to the sensor in such a way that it 
passes through the center of the sensor (usually the 
magnetometer staff is such a rod). At a point perhaps 
30 to 50 centimeters away from the sensor, place a 
needle or other very long but thin ferromagnetic (steel) 
object (it does not necessarily have to be permanentiy 
magnetized) along the axis of the rod. Take this rigid 
arrangement of staff, sensor and needle (small dipole) 
and slowly reorient the staff until a maximum or mini- 
mum total field intensity reading is obtained. The orien- 
tation of the staff at the maximum or minimum will be 
precisely along the earth's field vector. (NOTE: for a 
soft iron needle with no permanent magnetization there 
will also be a minimum at right angles to the field, but it 
is presumed that at least the general direction of the 
field is known) 

Ideally. the sample should be as equi-dimensional as 

SPECIMEN ABSENT 

diameter or greater if the approximation of a dipole is 
to remain valid. However, the size of the sample, dis- 
tance from the sensor, and the maximum possible anom- 
aly at the magnetometer are all compromises and for 
low susceptibility samples, a useful measurement can 
still be obtained when the sample is nearly in contact 
with the sensor. 

Random Sample Rotation for Magnitude Only 
After assuring that anything moving is magnetically 
clean, obtain a hand specimen and hold it at arm's 
length away or more (at least 3 times further than the 
measurement distance, r) from the magnetometer sensor 
and obtain the reading, To, with the sample thus absent. 
Then bring in the sample to a point perhaps 15 centi- 
meters or at some other known distance from the sensor 
in order to cause a change of at least several times 
greater than the basic resolution of the magnetometer. 
Obtain readings from numerous random orientations 
(say, every 459 of rotation) of the specimen if only sus- 
ceptibility and magnitude of remanent magnetization is 
desired. As a more systematic procedure, orient the 
sample every 45 degrees about an axis normal to the 
reference line. Then rotate the sample 90 degrees about 
the reference line and rotate it again every 45 degrees. 
Note the maximum value, T,,, and the minimum value, 
Tmvn , then remove the sample and once again check to 
see that the same reading, To. is obtained as observed 
at the start of the test. If the same reading is not obtained 
(or within 2 gammas), conduct the measurements over. 
I f  one were to plot such measurements, they would 
appear as in Figure 39. 

Next, measure the diameter of the sample which should 
be as equi-dimensional or spherical as possible and 
which can be made so by taking a geology pick and 
hammering off the portions of the rock to produce an 
approximately equi-dimensional sample. Measure the 
average diameter, D. of the specimen and the distance, 
r. ktween the center of the specimen when rotated end 
the center of the sensor. These five parameters, Po, T,,, , 
Tm,, , D, and r, are ail that is needed in the following 
formulae to calculate both magnetic Susceptibility and 
magnetization or the induced and permanent magnetic 
moments of a small object. 

MAGNETOMETER 
READINGS 

- 
To ' 0  

fmax - Trnin 
= TI 

2 

Tmx + fmin - To 6 Ti 
2 

Figure 39, Typical Readings Obtained During Rotation of Specimen Near Sensor 
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For the remanent magnetization information 

expressed in centimeter-gram-second (cgs) units and 
noting that F. Tr , T,,,,, , and Tnt,,are to be expressed in 
gauss (1 gamma 10-5 gauss). Mr is the permanent or 
remanent magnetic moment in cgs units. AH other terms 
are previously defined. Therefore 

I 

lr = :(;) (Tmax- Tmin) 

r3 and 
Mr = -  (Tmax - Tmin ) 

4 

where I, and Mr are the remanent magnetization per 
unit volume and permanent dipole magnetic moment 
respectively. 

For the induced parameters. 

such is desired, the object is rotated in all three orthog- 
onal planes to obtain the components and to separate 
the effects of the induced and permanent magnetizations. 
The magnitude of the induced perturbations for the 
orthogonal directions would be Ti, as before, since 
xTj = yT; = *T; = Ti, the object is assumed to be spherical 
and with isotropic susceptibility; and xTr, yTr and ZTr 
for the orthogonal components of the remanent 
perturbations. 

These components would be obtained as follows: first 
rotate the object through 360" about any line normal to 
the reference line. i.e.. earth's field. Note, To, the value 
of the field with no object present and the values at 
rotation positions 90" apart, namely, Tw, TIBO, TZTO and 
T3M). For these measurements one has 

TI (10 - T360 T90 - T270 
xTr = 1 yTr - 2 '  

and 
T90 + T270 

- To 2 -To = 
T360 + TI 80 

2 Ti = 

The object is then removed and reinserted on the refer- 
ence line so that the former axis of rotation (in this case, 
the z axis) is now parallel to the field. Measure this field 
value and one at 180' from this position to get 

TZ = 360 - T2 = 180 
and if  one wishes, the 

2 zTr = 

TZ = 360 + = 180 
r' 
4 redundant value Ti = - T O  

and Mi = -(Tmax + Tmin - 2 To) 
2 --e the susceptibility per unit volume and the induced 

)ole moment respectively. If the specimen is not 
yqui-dimensional or nearly SO, there Will be a small 
error in both k and Mi. 

The calculations of k, Mi and Ii are performed as de- 
scribed above. The magnitude of the remanent moments, 
however, would then be 

For magnetometers with a sensitivity of 1 gamma or 
0.25 gamma, the smallest magnetic susceptibility that 
can be measured using such techniques is on the order 
of 2 x 10-5 or 5 x 10-6 cgs units, respectively, for a large 
specimen adjacent to the magnetometer sensor. Atten- 
tion should be paid not to bring very high magnetic 
susceptibility (10-3  cgs or greater) samples close to the 
magnetometer sensor for it would degrade the signal. 
High magnetic susceptibility specimens or ferromagnetic 
objects can be rotated at greater distances, anyway, 
perhaps 100 centimeters from the sensor and low sus- 
ceptibility specimens at 15 centimeters or even Closer. If 
only approximate susceptibility is required in the field, it 
is even possible to rotate the sample, estimating the dis- 
tance of rotation from the sensor, estimating the direction 
of the earth's field after knowing this value from maps 
(the direction does not change appreciably over hundreds 
of miles), and then estimating the diameter of the speci- 
men. Such a measurement should not require more than 
one minute to obtain a value within a factor of 2 or better 
for both the susceptibility and remanent magnetization. 

Syrtematlc Rotation for Magnitude and Direction 
In contrast to this highly simplified and approximate 
method for measuring susceptibility and remanent mag- 
Tetization using the random orientation procedures out- 

led above, one may wish to obtain !he values more 
dystematically, more precisely and most important, to 
obtain directional information describing particularly the 
remanent magnetization and permanent moment. If 

and the total moment, Mr = tXM? + yM: + zM,f 1 $" 

The direction of the remanent moments would be given 
by the direction cosines cosa, cos& and cos7 where 

zMr 

Mr Mr Mr 
- cos P and - = cosy . cosa, -- xMr YMr - =  

The remanent magnetizations, ,,Ir and zlr, also de- 
fined as dipole moment per unit volume, are in the same 
direction as their respective moments and are given by 

zMr 
and zlr = - xMr VMr 

v xlr = 7, ylr = 

Therefore I, = + yl: + zl:) '12 

For shapes other than spheres other formulae must be 
used for the geometric factors. If the magnetization is 
larger than, say, 0.1 cgs, demagnetization factors must 
also be considered which are usually available in tables 
expressed in terms of the length-to-diameter ratio and 
direction of magnetization. Demagnetization arises from 
the fact that the object itself creates an induced field, 
which as pointed out earlier, opposes the ambient field 
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in the region to the side of the object (with respect to 
the field direction). The inducing field is thus smaller 
and the magnetization less than would be predicted 
without accounting for the effects of this demagnetization. 

Dipole In Earth’s Field 
For measurements which are not precisely along the 
“reference” line or normal to it, it may be instructive to 
examine the properties of the dipole and properties of 
a permanent or induced dipole located within the vicinity 
of a total field magnetometer (see also Chapter V). 

The field of a magnetic dipole can be expressed in terms 
of its tangential and radial components, To and Tr where 

M 
r3 

Tg = -sin f3 

2M 
Tr =-cos 6 

r3 

and 

and where 6 is the angle between the dipole axis and 
r the line between the dipole and point of measurement 
as in Figure 40. The magnitude of the field intensity of 
the dipole can thus be expressed as 

P 

Figure 40. Terms Used in Calculating 
Effect of Dipole on Earth’s Field. 

The total field perturbation TF due to a magnetic dipole 
at an angle p to the earth’s field as shown in Figure 41 is 
simply the component of the dipole field in the direction 
of the total field or 

TF = compFT = Tcos (Q, + 6 t 6, 
and from the above geometry of a dipole 

M !I tan 9 
r3 

TF =- (1 + 3 cos’6) 2 cos [tan-’ 

Non-Spherkrl Object Rotation 
An entirely different situation occurs when the object 
is not equi-dimensional but possesses a high length-to- 
diameter ratio as in the case of a long, narrow cylinder. 

Figure 41. Reference Diagram for Estimating 
Effect of Dipole in the Plane of the Earth’s Field 

In this case, the induced field tends to align itself with 
the long dimensions of the object in a positive sense 
90” or less in the direction of the ambient field for ferro- 
magnetic objects. Such an object, if rotated end-over- 
end in a plane containing the ambient field, will produce 
a dipole moment which is nearly parallel to the axis of 
the object which is always positive and which varies in 
magnitude from the maximum parallel to the field to a 
minimum at right angle to the field. In an object which 
possesses both permanent and induced magnetic mo- 
ments and in addition has a high length-to-diameter 
ratio, the effects are algebraically additive, but at any 
one orientation, nevertheless, appears as a dipole whose 
direction is the vector sum of the induced and permanent 
dipole moments. 

The nature of the variation of intensity with respect to 
the rotations described will differ considerably depending 
upon the relative magnitude of the indu 
nent magnetization and upon the shape of the sample. 
Typical situations are expressed diagramatically in Fjg- 
ure 42. All rotations are shown as they would appear if 
they were rotated about one point on the reference line 
containing the earth’s field except as noted for the last 
example. 

In the above procedures for measuring moment, one 
may note that all measurements are made along the 
line containing the earth’s field. It is also possible to 
make such measurements magnetically east or west in 
a horizontal line from the sensor (see Figure 38). How- 
ever, as it may be noted from the expression for the 
dipole moment and from the properties of the dipole 
outline in Chapter V. the total field perturbation will be 
only one-hatf that which would be observed as suggested 
above on a line containing the sample, sensor and earth’s 
field. Furthermore, a positive magnetization or increase 
in magnetization from a sample rotated east or west of 
the sensor will cause an inverse effect or decrease in 
the field at the sensor as may be noted by the direction 
of the field lines at a point on a line normal to the axis 
of an induced or permanent dipole. 

a 
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I SPECIMEN- I 

A. 

B. 

C. 

D. 

E. 

F. 

G.  

H. 

I. 

LLM 
0" 180" 360" 

ANGULAR POSITION 

SPHERE I ,  = 0, INDUCED MAGNETIZATION ONLY 

SPHERE l i  9 0, PERMANENT MAGNETIZATION ONLY 

SPHERE I, li 

LONG, THIN CYLINDER (L - 100R) I, - 0. INDUCED MAGNETIZATION ONLY 

LONG,THlN CYLINDER (L 1WRI I ,  - Zli 

LONG, THIN CYLINDER (L * 100R) I C  - li 

CYLINDER (L 4R) I ,  - 0 INDUCED MAGNETIZATION ONLY 

CYLINDER (L 4R) I ,  - li 

SPHERE WITH I ,  = 0, INDUCED MAGNETIZATION ONLY, AT POINT ON LINE 
PERPENDICULAR TO REFERENCE LINE THROUGH SENSOR 

I LEGEND 1 
4 
: li INCREASING I 

FIELD 
INTENSITY I 

Fiwm 42 Total Field Variations Due to Rotation of Specimen Near Sensor 



VII. 

MAGNETIC SEARCH 

Introduction 
Portable magnetometers can be very usefully applied to 
the task of finding objects which are buried, submerged, 
or otherwise hidden from view. An object can be found 
directly where it is itself magnetic, or where it may dis- 
place material which is otherwise uniformly magnetic. 
An object may, in some instances, be found indirectly 
when it produces a magnetic anomaly as a consequence 
of it being buried or emplaced. The object of a search 
may involve a man-made iron or steel object, an archae- 
ological feature such as a brick, pottery, or tomb, or an 
intentionally buried magnet used for relocation purposes. 
in fact, among the diverse buried or sunken objects for 
which magnetometers have been used for their search 
are: culverts, pipelines, buried magnets, survey bench- 
marks, ships, vehicles, weapons, boat and aircraft en- 
gines, flight recorder, skiis, buried skier with affixed 
magnets, rails. wellheads, machine tools, chain and 
anchors, tunnels, and the numerous items listed under 
Archaeological Prospecting beiow. In each of these 
cases, the objects could be found and their depth and 
mass estimated-but only if several conditions exist 
favorable to magnetic search procedures. 

'The techniques outlined here are primarily for portable 
magnetometer search applications on land except as 
noted. Marine search techniques involve other specific 
tactics, magnetometer sensors and cables designed for 
underwater use, and continuous recording displays. 

Determination of Object Magnetism 
In assessing whether a magnetometer would be useful 
in a search. it must first be determined whether the ob- 
ject (direct or indirect} of the search is truly magnetic. 
Iron and steel, for the purposes discussed here, are the 
only metals which are ferrumagnetic and, among these, 
stainless steel (300 series) can usually be considered 
non-magnetic. All naturally-occurring rocks and soils 
are weakly magnetic as a consequence of the amount of 
naturally-occurring magnetite present. Moreover, when 
such materials are heated, they attain a much higher 
magnetism upon cooling from a high temperature as 
would occur naturally in igneous rocks or artificially in 
kiln-baked clay. Magnets and coils carrying direct cur- 
rent are also detectable with a magnetometer. Buried 
chambers, tombs, some caverns, lava tubes and other 
subsurface voids are also detectable if they Occur at a 
shallow depth in an otherwise uniformly magnetic 
material. 

Detectsblfity 
The most important single factor affecting detectability 
with a magnetometer is the distance between the mag- 
netometer and the object; for, most anomalies in a search 
vary inversely as the cube of this distance, Le., T = M/r3. 
Thus, any effort made towards reducing this distance 
greatly increases the likelihood and one's ability in find- 
ing the object of search. The next most important con- 
sideration is the amount of ferromagnetic material assoc- 

iated with the object in contrast with the surrounding 
material. The effective magnetic mass (magnetic mo- 
ment) of the object can be considered to be the degree 
of magnetism of the material times the volume of such 
material (e.g., a small magnet can be as magnetic as 
an automobile or a very large cavern). 

The last significant criterion for detectability is the 
expected background magnetic noise arising from such 
sources as geology or man-made materials and electric 
current. Ir, general, volcanic or dark-colored igneous 
rocks and soils derived from such rocks are very mag- 
netic and render it difficult to detect a small, subtle 
anomaly. Common artificial sources of noise include 
power lines, direct current electric cables and trains 
(see Chapter IX), iron and steel debris and major cultural 
features including buildings, roads, fences, pipelines, 
reinforcing steel in concrete, etc. By and large, most 
sedimentary rocks (sandstone, shale, limestone, chert) 
and their metamorphic equivalents, salt or fresh water 
or air do not alter the magnetic anomaly in any way; it 
is then simply the distance between the sensor and object 
that is important when buried in such materials. 

Magnetic Anomaly Signatures 
The typical object of search is relatively small with re- 
spect to the distance between it and the magnetometer. 
Irrespective of its shape, the object would then behave 
as a magnetic dipole with all thecharaceeristics described 
in Chapters V and VI. Typical dipole anomaly signatures 
(anomalies) expressed as profiles and contour maps at 
various Orientations of the magnetic moment of the 
object end at various inclinations of the field appear in 
Figure 43. The anomaly shape expressed in Figure 43 
is primarily a function of the magnetic latitude and the 
direction of the permanent (remanent) magnetic moment. 
For example, given a magnetic profile or map over any 
dipole and some familiarity with total field magnetics, 
one should be able to recognize the inclination of the 
field and perhaps also the Orientation of the object as a 
dipole. 

Depth/Amplltuda Ekhrvior 
As described in Chapter V, the anomaly will appear 
broader proportionately as the object is deeper or more 
distant (NOTE: the object is not always beneath a given 
traverse, but more than likely is at a distance to one side 
of the traverse. The distance between magnetometer 
and object herein referred to as depth may, in fact, only 
represent the 'closest approach' requiring perhaps 
another traverse to be truly 'over' the object). This 
anomaly width/depth characteristic of magnetic anomaly 
behavior serves as a means for determining the depth 
to the source which can be used to one's advantage in 
a search (see Chapter V). The amplitude of the anomaly 
will, 8s stated. also decrease inversely as the cube of 
this distance. An example of anomaly depth and ampli- 
tude behavior is shown in figure 44 which can hextrap- 
olated to the other signatures which appear in Figure 43. 

n 
7 
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INDUCED DIPOLE 
VERTICAL FIELD 

INORTH OR SOUTH POLE) 

INDUCED DIPOLE 
INCLINATION so" B B' 

INDUCED DIPOLE 
EOUATOR IAL FIE LO 

(INCLINATION 0") 

?N FOR (ORS. -60" A 4 A f  

INCLINATIONJ 

PERMANENT DIPOLE SlGNATURES (MOMENT NOT PARALLEL TO INDUCING FIELD. F )  

Figure 43. Total Intensity Signatures at Various Inclinations of the Field and for Induced or Permanent Magnetic Moments 

1,M -i- 
Figure 44. Depth/Amplitude Behavior of Dipole Anomalies 
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Search Procedures 
Determination of M6gnetlc Moment 
VI. Search Grid vs. Resolution 

The first consideration in conducting a search is to 
determine as much as possible what is magnetic, if any- 
thing, in the object or related to the object. Frequently, 
a similar object can be obtained and measured in the 
presence of a magnetometer at varying distances and 
orientations according to the methods outlined in the 
previous chapter. Remember that it is only the mass of 
ferromagnetic material and not the mass of the entire 
object that is of importance in magnetic search. Once 
the ferromagnetic mass is estimated. it is-possible, using 
the simplified formulae below, to determine the maxi- 
mum probable anomaly at various distances. Estimation 
of this maximum anomaly is important to determine 
whether the object is even detectable at the surface and, 
if so. how close the readings should be spaced on a 
traverse and the distance between adjacent traverses 
(spacing of the grid) if such a plan is considered. Ideally, 
one should lay out a regular grid covering the area such 
that the anomaly is readily detectable on any two adja- 
cent traverses, i.e., there be some overlap in the detecta- 
bility distance. To be sure, there are situations where 
very little is known about the object, whether it is even 
detectable at all magnetically, and the area in which it 
lies cannot for various reasons be covered at the proper 
grid interval. 

It is important to realize that in order to recognize an 
anomaly, it must be several times larger than the sensi- 
tivity (resolution) of the magnetometer and the effective 
‘noise level’ of the profile. If one has, say, a magnetometer 
of 0.25 gamma sensitivity and anomalies of 0.5 gamma 
due to the effects of surface soil, then the object would 
have to exhibit an anomaly of perhaps 1 gamma or more 
in order to be readily identified. This is even more im- 
portant when the object is very deep for the anomaly is 
then very broad and may be confused with broad back- 
ground changes due to deeper-seated geology or more 
distant anomaly sources. Therefore, a given object buried 
at 3 feet may have an anomaly width of 5 to 10 feet and 
may be detected if the anomaly is only 2 or 3 gammas 
in amplitude. Another object buried at 3Q feet would 
correspondingly have an anomaly width of 50 to 100 
feet, but may have to be 10 gammas in amplitude in 
order to be discernible in the presence of the normal 
background magnetic gradients. 

Trsvemes 
Several theoretically-derived search procedures have 
been devised which use spiral paths, statistically deter- 
mined grids and search sequences to cover a given 
area under investigation. The method suggested here is 
merely a simple set of parallel traverses with readings 
obtained to cover the area by a square grid of readings. 

If no other constraints dictate the direction of the princi- 
pal traverses, they should be made in a north-south 
direction, for in any latitude there will be a greater peak- 
to-peak magnetic anomaly in this direction. As may be 
observed on the contour map of Figure 43, the maximum 
and minimum of an anomaly will be adjacent on such a 
line thereby creating a larger effective peak-to-peak 
anomaly and a maximum rate of change or slope, both 
of which enhance its detectability. In the case of long 
horizontal pipelines, traverses should be made perpen- 
dicular to the probable direction of the pipelines (except 

for north-south pipelines at the magnetic equator where 
there is no anomaly over the mid-portions of the pipe- 
line except for perhaps small permanent magnetization 
anomalies at pipe-section junctions). 

The sensor should be held within several feet of the 
ground for small objects buried at shallow depths. There 
are occasions, however, when the sensor should be 
carried higher at perhaps 6 feet or more above the 
ground such as a situation where surface magnetic 
noise exists and where the anomaly depth is greater 
than perhaps 15 or 20 feet. In this case, the surface 
anomalies may be decreased by a factor of 20 or 30 
while the anomaly of the object may only be decreased 
by a third greatly improving the visibility of the anomaly. 
If the situation allows, it is always recommended that 
a regular grid indeed be established and followed using 
local reference points, perhaps walking along a long 
string which is moved for each traverse, or possibly 
moving by a combination of dead reckoning and pacing, 
marking the lines already covered by pouring a visible 
powder such as lime or flour on the ground. 

It is important to cover the area objectively and to know 
where one has already mapped and has yet lo map. If 
a large area is to be covered, it is usually best not to be 
deterred from completing the measurements for an 
entire grid before returning to possible anomalies for 
more detailed measurements. It is indeed frustrating to 
those involved with the search not to ‘follow-up’ immedi- 
ately any preliminary indications of an anomaly, but the 
net result is poor coverage of the grid, missed areas, 
lack of time to complete the grid, and disappointment 
in uncovering the wrong objectives. Where the area is 
large, the target of sufficient importance, and time of 
the essence, two or more magnetometers should be 
employed using one simply to pinpoint and follow-up 
each anomaly location and depth while the other con- 
tinues to map the area under investigation. 

Detailed Mapping for Pinpointing Location 
After locating a given anomaly on a traverse, its location 
on the traverse should be so noted. As stated above, 
whatever the grid dimension, it is Yikely that the object b 
not precisely under the original traverse, but rather 40 
one side. Therefore, the next traverse should be perpen- 
dicular to the original traverse at a point on the latter 
where the maximum horizontal rate-of-change (gradient) 
is observed. On this second or perpendicular traverse, 
the anomaly is usually of much greater amplitude and 
larger rate of change with distance indicating, of course, 
that one is closer to the object of search. A third traverse 
perpendicular to this second traverse and parallel to the 
original might be required if the exact location of the 
object is desired. Typical profiles, from a sequence of 
three such traverses are shown in figure 45 (the hori- 
zontal location cannot usually be determined to a pre- 
cision greater than approximately 10% of the depth to 
the center of the dipole). 

One then may wish to qualitatively compare the observed 
signature with those in Figure 43 to determine the loca- 
tion in plan view of the object. Alternatively, one may 
use as a rule of thumb, the criterion that for locations 
in the magnetic polar or equatorial regions of the earth, 
the object is probably located at the greatest maximum 
or minimum and for regions elsewhere the object is 
nearest the point on the anomaly where there is maxi- 
mum horizontal gradient or rate-of-change. The vari- 
ability of the orientation of the usually unknown perma- 
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nent moment and any very large or extended shape of 
the object may create complexity of anomaly shape in 
the 'near field of an object. (NOTE: the magnetometer 
signal may also disappear which itself indicates a high 
gradient and therefore the near presence of an object.) 

It may be important during this detailed mapping phase 
of a search to be able to recognize an anomaly of inter- 
est quickly so as to minimize the efforts involved in this 
localized remapping of what appears to be an anomaly 
of interest, but after the fact turns out to be something 
much too small, much too deep, or much too shallow 
had one been able to recognize certain anomaly charac- 
teristics. Approximate depth estimation is useful when 
also used, in turn, for estimation of the size of the object 
according to the order of magnitude methods described 
in the following. (See Chapter Vlll for accurate depth 
determination using readings at two sensor positions.) 

Special Search Topics 
Iron and Steel 
The maximum anomaly amplitude for a variety of objects 
can be estimated given their size, weight and description 
by using the formulae presented in Chapters V and VI. 
For typical man-made iron or steel objects, the magnetic 
moment, M, is between lo5 and 106 cgs units per ton 
(either lo00 kg or 2OOO Ibs.), where 

M 
T = -(for latitudes greater than 60°, use T = '">and 

r3 r' 

T is the anomaly in gauss, M is the dipole moment in cgs 
and r the distance in centimeters. Thus the maximum 
anomaly for 0.1 ton of iron at a distance of lo00 centi- 

OBJECT 
i 
I 

meters would be between 
1 os 

( I O ~ ) '  
x 0.1 = 10-5 gauss T =- 

lo6 x 0.1 
and T = ~, o' ) = 10-4 gauss 

or 1 gamma < T < 10 gammas 

This same formulae for a magnetic anomaly can be 
expressed directly in terms of gammas, pounds, and 
feet, if desired, for 

1.75 X lo2 <Mfps< 1.75 X lo3 
and 

Mfps 
r3 

T E -  

where T is the anomaly in gammas, M the magnetic 
moment per pound or iron, and r the distance in feet 
between the object and the magnetometer. A ton of iron 
is therefore between 0.35 and 3.5 gammas at 100 feet 
or as a rule of thumb, can best be remembered as 1 ton 
of iron is 1 gamma at 100 feet. Figure 46 is drawn as a 
nomogram or guide in estimating anomaly amplitude 
for a dipole comprised of common iron or steel. 

Permanent vs. Induced Anomaly Sources 
in general, iron objects exhibit both permanent and 
induced magnetization which have a net magnetization 
producing a single magnetic anomaly in the earth's field 
as measured by the magnetometer. All rules herein 

1 

I 
I 1 

I 

I 

I 
I 
I 

I 
I 
I 
I 
I 

W I 
!I 
21 

- w  El  I5 f l  
4s I Z  31 

$1 

C FIELD CONTOURS 
RING SEARCH) 

SECONDARY T ~ A V E R S E  

v) 

I 
I 
I 

w 'I 
$1 
21 
El 

iE Z a  
LLC 
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Figure 46. 
. 

Nomogram for Estimating Anomalies from Typical Objects (assuming dipole 
moment M = 5 X lo5 cgdton, i.e., k = 8 cgs, Estimates valid only within 
order of magnitude) 
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DISTANCE FROM MAGNETOMETER - 
INSTRUCTIONS FOR USE: 
To use the nomogmm, s o l a  a given wight or type of object from among the dieeonal tabled lines. non choose adistance 
along the bottom line h b d i )  of the graph and follow a wrtical line upwerdt from that distance until it interwets the 
di8QOnal line of the selected object. At that point, mow horizontally to the left to a d u e  on the Wrtkal axis (Ordinate) of the 
graph and r e d  the intensity in gemnas. 

At a given distance, the intensity is proponionat to the weight of the object. Therefore. for an object whose wight is not 
precisely that of the labeled lines, simply multiply the intensity in gammas by the ratio Of the desired weight to the labeled 
weight on the graph. If the distance desired does not appear on the graph, reinembar that for I typical object the intensity is 
inversely proportional to the cube of the distance and for a long pipeline the intensity is inversely Proportional to the square 
of the distance between magnetometer sensor and object. Due to the many uncertainties described haein, the estimaw d=&.d 
from this nomogram may be larger or rmallw by a factor of 2 to 6 of perham more. 
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assume for simplicity, that the anomaly is produced by 
the induced moment only. Nevertheless, the harder the 
steel, the more permanent magnetization it possesses, 
which at times may be 10 times or more than the induced 
magnetization. Although one cannot usually predict 
the orientation of the permanent moment of a buried 
object, it can be assumed that the larger the permanent 
magnetization, the larger the anomaly and the suscepti- 
bility, k, used in the formulae herein is really an effec- 
tive k intended to include such increased magnetization. 
A single large part, such a5 a single pipe or an engine, 
etc., may exhibit one single anomaly due largely to the 
permanent moment. Conversely. the more component 
parts an object has, the more these individual permanent 
magnetic moments tend to cancel, leaving only the 
induced magnetization. When the permanent and 
induced moments are of the same order of magnitude 
(see revolvers, for example, in table of anomalies on page 
46), and the permanent moment happens by chance to 
be oriented in an opposite direction to the earth’s field, 
the observed anomaly would be very small, but almost 
never zero. Whether or not an object has a large or small 
permanent moment is not consequential except in explain- 
ing the unusual shape of the anomalies one might observe 
as compared to the anomaly signatures shown in Figure 
43. (Note: Stainless steel, type 300, particularly Stainless 
31 0, is practically nonmagnetic. Similarly, manganese 
steel is only weakly magnetic.) 

If one is able to measure the susceptibility, permeability 
or the magnetic moments by the procedures in Chapter 
VI. the following expression (also presented in Chapter 
VI) could be used to estimate the maximum anomaly 
amplitude 

M = kFV 
where M is the dipole magnetic moment in cgs units, k 
the susceptibility which is between 1 and 10 cgs units 
for most iron and steel objects, F the ambient field in 
gauss, and V the volume in cubic centimeters. If per- 
meability, p, is to be used, recall that p = 1 + 4 II k, 
numerically. Attention should be paid to the effects of 
demagnetization (Chapter VI under “Systematic Rotation 
for Magnitude and Direction“) which describes the fact 
that an anomaly from a more-or-less spherical iron object 
may not be as large as predicted from consideration of 
p or k alone. 

Plpeliner (horizontal) 
Most pipelines have very high permanent magnetization 
and show separate anomalies for each length of pipe, 
i.e., anomalies at each joint due to their independent 
thermal and mechanical histories. Valves and other 
attachments to pipelines show separate anomalies as 
well. A horizontal pipeline in steeply dipping fields or 
E-W at the equator varies inversely as the square of 
the distance between its center and the magnetometer 
and behaves as a line of dipoles as described in Chapter 
V. Thus, the maximum anomaly amplitude from a pipe- 
line can be estimated as follows: 

M kFA kFnDt  

r2 r2 r2 

where A is the approximate cross-sectional area of iron, 
and D and t are the pipe diameter and wall thickness 
respectively in the same dimensional units as the dis- 
tance, r, and the other factors as used above. For most 
pipes, the steel is ‘hard’ and k (effective) is therefore 
high, perhaps, 10 to 50 cgs or higher. For example, 

T=-=-=- 

consider a horizontal pipeline diameter 6 inches, wall 
thickness 1/4 inch in a field of 50,000 gammas buried at 
a depth of 20 feet beneath the magnetometer, 

1 
1 0 X 5 X  1 0 4 X n X 6 X s  

T =  = 40gammas 
(20X 1212 

The expression, II Dt, represents the approximate cross 
sectional area of the thin wall of the pipe. A more pre- 
cise but more complicated expression for this area 
might be ( n  R 2 -R Ri2) where Ro and R; are the outside 
and inside diameters of the pipe respectively. 

For solid pipes, rods, or steel cable, a similar expression 
is used, 

0 

where R is the radius of the rod. 

The anomaly signature for pipelines in various directions 
and field inclinations would appear as in Figure 47. (Note 
the difficulties in detecting N-S pipelines in equatorial 
regions described above under “Traverses“ and Chapter 
V.) The permanent magnetic moment is often predomi- 
nant in a pipeline and may commonly exhibit a signature 
as shown in figure 47 with the maxima and minima 
reversed and a very large amplitude. A pipeline is gen- 
erally easy to detect because its great length often 
assures one of actually crossing it. Also, the signature 
varies inversely as the square of the distance instead of 
the cube of the distance as in the case of a dipole (pipe- 
lines are lines of dipoles) and the anomaly amplitude 
thus remains large. If one has access to both ends of a 
hidden pipeline, it is also possible to pass a large DC 
current through it to aid in its detection by enhancing 
its magnetic field selectively in space or time. For exam- 
ple, to find one pipeline out of many possible interfering 
pipelines. pass a current through it for one reading and 
reverse the current for the next, taking two such readings 
at each point. The location of the one anomaly can 
so mapped as the difference in these values becomes 
larger as one is closer to the pipe. (1 ampere of current 
through an infinitely long pipe would produce 10 gam- 
mas at 60 feet and would in this case produce 20 gam- 
mas peak-to-peak and vary inversely as the distance to 
the pipe. However, observe the geometry noted in 
Chapter IX.) 

Magnetic Markers 
It is often of interest to be able to relocate oneself or 
an object over a long period of time. The purpose may 
be to locate a survey benchmark, an important junction 
in a pipeline, or a point in shallow marine waters. In 
lieu of a radio transmitter or other active source, it is 
possible to bury a magnet which should keep most of 
its magnetic moment for many years or longer and at a 
depth sufficiently below any level that is likely to be 
disturbed. In some cases, it may be reasonable to bury 
several magnets oriented to produce maxima or minima 
or in a pattern to assure easy relocation or to differentiate 
one magnetic marker from another. Given a specialized 
requirement, a solenoid coil or single long wire with 
an applied direct current may also serve such a reloca- 
tion purpose. 

A magnet of convenient size and made of Alnico V is 
available in the form of a thumb-size ‘cow-magnet’. a 
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ABOVE ARE TYPICAL PROFILES OVER DIFFERENT SECTIONS OF A GIVEN PIPELINE 
AT SAME DEPTH IN SAME LOCATION (EXHIBITS CONSIDERABLE PERMANT MAGNETIZATION) 

0 
FIELD INCLINATION BETWEEN 
30" AND 90" (i.e.,\ t J t,d 
WHERE PROFILE IS E-W) 

0 f' 0 -F 0 
FIELD IS HORlZONTAL 
(ANOMALY MAY HAVE ZERO 
AMPLITUDE IN CENTER OF A 
LONG PIPE) 

EFFECT OF DEPTH ON ANOMALY 
AMPLITUDE AND WIDTH 

1 
0 

0 
Figure 47. Pipeline Signatures 

cylinder in diameter by Z/'" long, which will produce 
a magnetic moment of 5000 cgs units, or an anomaly of 
approximately 20 gammas at 90 feet. (Such magnets 
are available through the 'Farm' catalog of several large 
mail-order firms.) For comparison, a cylindrical Alnico 
V magnet 2" in diameter by 1 0  long will produce an 
anomaly of 1 gamma at 100 feet. Both anomalies wilt 
vary inversely as the cube of the distance and directly 
with the number of magnets laid end-to-end with oppos- 
ing poles in contact with each other. Expressed in the 
terms above for calculating moments, such magnets 
would usually have an intensity of magnetization or 
magnetic moment per unit volume, I ,  of approximately 
500 gauss per cubic centimeter. 

The following table is illustrative of the magnitude of 
the anomalies which may be produced by several com- 
mon objects. The values are merely typical and may 
easily by larger by a factor of 5 or smaller by a factor 
of 10 depending upon the actual size of the object, its 
metallurgy, orientation, permanent magnetization, num- 
ber and relative sire of component parts, position of the 
magnetometer relative to the object and to the field and 
other parameters discussed in Chapters V and VI. 

Archaeological Exploration 
Introduction 
Magnetometers have been used for exploration at numer- 
ous archaeological sites around the world to detect 
such (reatures as buried walls and structures, pottery, 
bricks, roof tiles, fire pits, buried pathways, tombs, buried 
entrances, monuments, inhabited sites, and numerous 
objects submerged in water such as ships, ballast stones, 
iron, cannon, amphora, various potsherds, etc. Most of 
these objects were detected and mapped as a result of 
their being more magnetic than the surrounding or 
covering material. A few features such as certain buried 
walls and tombs were not, themselves, magnetic, but 
displaced a uniformly magnetic soil which presently 
covers them. Still other sites both historical and archae- 
ological have iron objects which are easily detectable 
according to the methods described in the preceding 
section. 

Magnetic Anomalles of Archaeological Origin 
Anomalies exist at archaeological sites as a consequence 
of the contrast in magnetic properties between the cul- 
tural features of interest and the surrounding medium. 
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1; 
1' 

Tabk of AnomMes of Common Objmta 
Typical Maximum Anomaly 

O W  Near DI8t.na 

Automobile (1 ton) 30 feet 
40 gammas 

Ship (lo00 tons) 100 feet 
300 to 700 gammas 

Light Aircraft 20 feet 
10 to 30 gammas 

File (10 inch) 5 feet 
50 to 100 gammas 

Screwdriver (5 inch) 5 feet 
5 to 10 gammas 

Revolver (38 special or 45 5 feet 
10 to 20 gammas automatic) (induced 

approximately equal 
to permanent see text) 

Rifle 5 feet 
10 to 50 gammas 

Ball Bearing (2mm) 3 inches 
4 gammas 

15 gammas 

25 feet 
50 to 200 gammas 

5 to 200 gammas 

10 feet 
20 gammas 

50 feet 
200 to 500 gammas 

Fenceline 10 feet 

Pipeline (12 inch diameter) 

OC Train 500 feet 

'Cow' magnet (Y2" W 3 L) 

Well casing and wellhead 

F8f Dl8Unt. 

100 feet 
I gamma 

lo00 feet 
0.3 to 0.7 gammas 

50 feet 
0.5 to 2 gammas 

10 feet 
5 to 10 gammas 

10 feet 
0.5 to 1 gamma 

10 feet 
1 to 2 gammas 

10 feet 
2 to 10 gammas 

6 inches (0.5 feet) 
0.5 gamma 

25 feet 
1 lo 2 gammas 

50 tee1 
12 lo 50 gammas 

lo00 feet 
1 to 50 gammas 

20 teet 
2 gammas 

500 feet 
2 to 5 Qammas 

both of which are usually composed of material of 
natural origin such as rocks or soil or even empty space. 
This magnetic contrast is a function of the concentra- 
tion and thermal and mechanical history of magnetite 
present in either the cultural feature or its burying medi- 
um. The amount of magnetite determines the magnetic 
susceptibility and therefore the induced magnetization 
as described in Chapter Ill for various configurations 
and for a variety of natural materials. Aemanent magneti- 
zation, commonly present in materials which have under- 
gone heating, is responsible for the most prominent 
anomalies arising from cultural features (wit% the 
exception of iron). 

Remanent Magnetiration 
The remanent magnetization of archaeological objects 
is particularly significant not only because of its large 
relative intensity, but because it is intimately associated 
with many enduring objects of ancient habitation, name- 
ly, baked clay which comprises bricks, tiles, pottery, 
kilns, hearths and similar features. This remanent mag- 
netization otherwise called thermoremanent magnetita- 
tion (see Chapter Ill) is created when the magnetite- 
bearing clay is heated to a relatively high temperature 
and cooled in the presence of the earth's magnetic field. 
Magnetic domains within each magnetite crystal are at 
first randomly oriented then move about during heating. 
Upon cooling, many domains align themselves with the 
ambient or earth's field and thus parallel to each other 
creating a net magnetization fixed with respect to the 

object and parallel to the earth's total field at the time of 
cooling. 

Archaeomagnettbm 
Such objects are not only easier to find than most other 
objects at archaeological sites, but in certain cases. 
where their kiln-baked position with respect to the ver- 
tical is known, they can also be used to estimate the 
age of the object. The age can be determined by meas- 
uring the inclination of the remanent magnetization (by 
methods described in Chapter VI) which occurred at 
the time it was baked. This magnetic inclination can 
then be compared with the history of the variation of 
the earth's magnetic inclination known through histori- 
cal records and other fire-baked clay objects already 
dated by other methods. 

Magnetization and Surceptlblllty of Soils 
Soils exhibit a magnetic susceptibility related in general 
to the susceptibility of the rocks from which they were 
derived, i.e., soils from volcanic or other igneous rocks 
have a higher susceptibility than soils weathered from 
sandstone, limestone or shale. However, magnetite being 
among the most resistant minerals appears to be present 
in the soils in higher proportion than other, more soluble 
minerals. In addition, organic action particularly in high- 
humus soils, is thought to be responsible,for the forma- 
tion of the magnetic mineral, maghemite, from other 
non-magnetic forms of iron oxide-a phenomenon of 
importance in mapping features associated with habita- 
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tion. Therefore, soils may have a somewhat higher 
susceptibility than would be indicated by the parent 
rock susceptibility, soils of 10-4 cgs being common. This 
surface magnetite is also a source of magnetic noise 
in precision magnetic suweys performed very close to 
the surface of the ground when the magnefite, by the 
action of surface waters and gravity, collects into small 
pockets of placer magnetite common almost every- 
where in the microtopography of the ground surface. 

Remanent Magnetization of Soils 
Of additional significance to archaeological exploration 
is the presence in surface soils of remanent magnetiza- 
tion often with twice the intensity of induced magneti- 
zation. This magnetization is due sometimes to heating, 
but more probably to ‘viscous‘ magnetization attained 
slowly in place (during tens to thousands of years) and 
the formation in situ of maghemite by the organic proc- 
esses cited above. This remanent magnetization is most 
common in the upper layers of soil and if disturbed by 
cultivating, by digging graves, by foot or animal traffic, 
or by other physical disruption of the integrity of the 
soil, is destroyed creating a locally negative anomaly, 
often mappable with a portable magnetometer. 

Magnetic Anomaly Complexity 
The anomalies observed at archaeological sites are in 
most cases very complex as a consequence of several 
factors. The sources which produce the anomalies are 
relatively shallow and therefore close to the magneto- 
meter which emphasizes the extremely complex nature 
of the ‘near field’ of any magnetic object. Also, the vari- 
ous sources of magnetic anomalies from soils. near sur- 
face rocks and the clutter of ancient or modern human 
habitation, including the very objects of interest, is often 
very pronounced. The nature of the measurements one 
obtains in archaeological exploration-closely spaced 
and near to the ground surface-makes the data swm 
more noisy than they appear on the usual mineral expior- 
atisn survey. An archaeological survey properly eon- 
ducted, planned and interpreted, however, a n  often 
make sense of this complexity and produce meaningful 
interpretations from individually resolvable, magnetic 
archaeological features. 

Archaeological Survey Planning and Feaslbility 
Successful application of a magnetometer to archaeo- 
logical prospecting can assist an archaeological program 
in several ways. Most obviously, the specific site and 
features which are hidden from view can be located, 
depths estimated and excavations conducted efficiently, 
rapidly and more economically than if the locations 
were not known with any confidence. In some instances, 
excavations need not be performed at least initially, 
where boundaries of structures and the extent of the 
site can be mapped through magnetic surveys, e.g., 
salvage archaeology, extending known sites, etc. 

Although it may be tempting to assume that a magnetic 
survey may be useful in mapping and detecting features 
at a given site, it may be fair to state that most sites, a 
priori, are not amenable to this method, Features may 
not present a detectable magnetic contrast, the mag- 
netic background noise may be excessive or the site 
may be better mapped through less sophisticated means 
such as visually or other tried and true techniques. 

The known features should first be considered or meas- 
ured by the techniques outlined in Chapter VI to deter- 

’ 

mine if there is. in fact. a measureable magnetization 
contrast (estimated by methods of Chapter V). Repre- 
sentative samples of both the buried features as well as 
the burying material should be measured with special 
attention to such items as: fist-size samples of Structures, 
fire-baked large objects, soil, soil intact (to preserve 
remanent magnetization), humus-rich material, cultural 
material present in appreciable amounts, rocks which 
are thought to underlie the site (which may create insur- 
mountable noise as from volcanic rocks or laterite) and 
other material which may be present in any significant 
way at the site. 

Having measured the induced and remanent magnetiza- 
tion (not important to measure the directions), having 
estimated the amplitude of the anomalies and having 
determined the background magnetic noise, one may 
be able to predict whether a magnetic survey would be 
of significance. One can never really be certain of its 
feasibility, to be sure, until a survey is attempted. 

The depth and amplitude can then be used as criteria 
to determine the grid, or density of individual measure- 
ments. Commonly, the area is divided into manageable 
quadrangles perhaps one or two hundred feet on a side 
and a rope, marked by colors, alternating at the grid 
points, is laid along one traverse line (or perhaps a rope 
grid is constructed). Measurements are taken at each 
point on the rope and the rope moved away one grid 
distance away from its first position, etc. Sometimes 
careful pacing between known grid points at the edge 
of the quadrangle is sufficient for the measurements. 
A spring-wound reel fixed to the ground at one side of 
the quadrangle with a distance-marked cord attached to 
the magnetometer-bearer is a very rapid means for 
measuring distance. Care should be taken to make sure 
a magnetic heading error does not occur when the 
operator faces the other direction upon returning on 
alternating traverses. The measured or empirically- 
determined offset, however, can be applied to correct 
for such an offset. Time variations may be removed, if 
small or deep anomalies are sought, by methods in 
Chapter IV using either a recording base station, tie 
lines (two or more lines which cross the traverse lines), 
or re-occupied stations. 

The data should then be contoured (see Chapter IV) and 
interpreted in light of what is known about the site. After 
and during excavations, it may be useful to follow up 
the survey by mapping select areas once again after 
some sources are removed and if the depth to features 
of interest is thus markedly decreased (by a c c w ,  to 
deep and wide holes and if the soil is not too magnetic 
or magnetically disturbed). 

Archaeological Anomaly Amplltude and Slgnatum 
In order to estimate the maximum anomaly from an 
archaeological object, consider the anomaly from a 
single cube of rock representing perhaps a buried 
monument. 

kF D3 T.:- 
r3 

where T = the anomaly in gammas, k the Susceptibility 
.:~ntrast per unit volume, F the earth’s field intensity in 
gammas, D the dimension of one side of the cube in 
the same units as re r the distance between the magnets- 
meter and center of the cube of rock in any distance 
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units whatever. As an example, consider a monument 
of volcanic rock, k = 10-2 in a soil of k = 10-4, in a field of 
50,000 gammas formed of a cube 2 feet on a side at a 
distance of 5 feet. The k = 10-4 is so small as to be negli- 
gible in comparison with 10.2 and the susceptibility 
contrast is therefore 10-2. Thus 

T = lo-* X 5 X  lo4 X = 32 gammas 

On the other hand, a void or tomb of the same geometry 
and in the same soil would have a negative anomaly of 

Generally speaking, a void cannot easily be detected 
when the distance between the magnetometer sensor 
and the center of the void is much greater than the 
diameter of the void. This arises from the fact that in 
order to detect the void, the soil or rock must itself have 
an appreciable magnetization, the higher the contrast, 
the larger the anomaly. Large magnetizations, however, 
are intimately associated with non-uniform or inho- 
mogeneous magnetization which is a significant source 
of magnetic noise obscuring the subtle anomaly signa- 
ture of the void at the empirically-determined limit noted 
above. 

3 

T = - 1 0 - 4 X S X 1 0 4 X ( $ )  = -0.32gammas Other anomalies can be computed by the methods pre- 
sented in Chapter V and the susceptibilities of Chapter 
Ill. Figure 48 portrays several types of anomaly signa- 
tures at different latitudes for various possible situations 
of archaeological features. 

Note that the amplitude for the void is negative for it is 
opposite to what one would expect for a magnetized 
material since the void is simply the absence of material. 

KILN-BAKED 
BRICK WALL 

SANDSTONE WALL IN 
MORE MAGNETIC SOIL - 

. I l t F  

- 1  F F F 

* * -  . 
FIRE PIT OR OTHER 
SINGLE FIRED OBJECT 

SHALLOW TOMB DEEPLY BURIED TOMB BRICKS IN DISARRAY (BRICKS IN ORIGINAL rn '%%@ (UNDETECTABLE) FIRED POSITION) 

Fiwre 48 Typical Magnetic Anomalies of Common Archaeological Features 
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VIII. 

GRADIOMETERS AND GRADIENT TECHNIQUES 
Introduction 
It is of some interest in exploration to measure various 
gradients, particularly the vertical gradient using a por- 
table magnetometer. The average horizontal gradient 
along the traverse can easily be computed from the 
profile, whereas the vertical gradient from typical, widely- 
spaced ground traverses cannot be accurately computed. 
A gradiometer is so named because it measures the 
gradient and in the context of the Manual, the gradient 
of the total field. In order to meet all the requirements 
and applications suggested in this chapter, the gradiom- 
eter is here defined as a differential magnetometer 
where the spacing between sensors is fixed and small 
with respect to the distance to sources whose gradients 
are to be measured. The difference in intensity divided 
by the distance between sensors is then the gradient 
measured at the midpoint of the sensor spacing. A quasi- 
differential magnetometer using a single instrument 
with successive measurements with the sensor at two 
or more positions is suggested as more practical for 
most uses than a two sensor configuration. 

Generally, it is more desirable for gradient measurements 
to have higher sensitivity on the order perhaps of 0.25 
gammas for reasons that will become obvious, but 1 
gamma sensitivity is adequate when the anomalies and 
their gradients are relatively large. As an additional con- 
dition. it is relatively important in any ground gradient 
applications that there be no significant surface mag- 
netic noise, for gradient anomalies tend lo greatly en- 
hance such ShallQW noise sources which would be 
detrimental for most sbjecti 

Applications st #&I Gradlometer 
The vertical gradient or any gradient for that matter has 
several properties of interest in exploration. First, graai- 
ent anomalies tend to resolve composite or complex 
anomalies into their individual constituents and on the 
same basis automatically remove the regionel magnetic 
gradient to better define the shallower anomalies 
assumed to be of interest. Also, the magnetic time vari- 
ations including the effects of magnetic storms are 
effectively removed. The measurements which comprise 
the gradient are made almost simultaneously and very 
closely spaced compared to the source of magnetic 
storm effects and diurnal variations so that such effects 
on the two readings are essentially identical and there- 
fore removed on the differential. A third useful attribute 
of the gradients is that they can be used very quanti- 
tativety or fur their vector properties (gradient of the 
scalar) in ascertaining anomaly depth, magnetic moment, 
shape and location. These vector properties also allow 
use of the vector diagram techniques formerly requiring 
the more cumbersome horizontal and vertical component 
magnetometers or modified dip needles. 

Use of a protable magnetometer as a gradiometer also 
involves several difficulties over use of the instrument 
as a simple single-reading magnetometer. Some of the 

applications require not just two but three or even four 
separate readings per station and the attendant additional 
data reduction efforts. The usual advantages of an orien- 
tation-insensitive scalar instrument represented by a 
proton magnetometer are partially defeated in the direc- 
tional requirements inherent in the two readings of a 
gradiometer, albeit they are only on the order of i several 
degrees. Lastly, considerably more care must be taken 
in obtaining the data (e.g., magnetic cleanliness of 
operator, positioning of sensors, etc.) for a gradiometer 
implies and utilizes higher resolution total intensity 
measurements. The proper application of the gradiom- 
eter techniques outlined in this Chapter, however, may 
easily justify such extra effort for many geological, 
search and other objectives. 

Conditions for Grudient Measurement 
As defined above, a gradiometer is first a differential 
magnetometer, Le., a difference, AT, is measured or 
computed between two readings at different locations. 
For many if not most applications, the conventional 
total field at one of the positions (in practice, either 
one) is also utilized. The word fixed is in the definition 
to denote the difference between a gradiometer as used 
here, and a differential magnetometer where one sensor 
is fixed, the other traversing, connected so as to remove 
time variations. 

.c 

The most significant requirement expressed in the defi- 
nition is that which requires that the spacing between 
sensors, i.e., their positions of measurement, AP, be small 
with respect to the distance, r, to the sources 
anomalies under investigation. If o m  considers a dipole, 
for example, one sensor at r would measure an anomaly 
T. A second wnsor at 2 r would only measure of 1, 
i.e., the second sensor is essentially not sensing the 
anomaly at all and may as well be at infinity. The dif- 
ferential measurement in this case is, for all practical 
purposes, the same as the usual single sensor total 
field measurement. More specifically, the gradient can 
be expressed as 

A T  fim Tr - Tr+Ar = 5 
Ar A d  Ar dr 

where AT=Tr- Tr+A, is the total field differential between 
dT 
dr 

two sensor positions spaced Ar apart and-is the deriva- 

tive or gradient of T in the direction of r. The expression, 
Ar-bo expresses the mathematical condition that Ar 
should be small with respect to r (in theory Ar should be 
zero). If Ar is Jess than X0 r or even 
is well satisfied in the context of all suggested applica- 
tions. Usually there iS no point in making Ar smaller 
than I/,,, r, for the gradiometer sensitivity (as expressed 
in the following) will be unjustifiably degraded. Practi- 
cal considerations as well limit both maximum and 
minimum Ar. 

r, the condition . 
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(Note: as explained in Chapter II, a total field magnetom- 
eter measures only the vector component of any local 
anomaly in the undisturbed direction of the field. for a 
local anomaly 1, then, the magnetometer will measure 
the component, TF, in the direction of F as previously 
presented. The gradiometer will then effectively measure 

I Le., the gradient in the direction r of the component 
dr 
in the total field direction of the anomaly T.) 

dTF - 

Gradiometer Senrltlvlty 

The expression - or -is the measurement observed 

with the gradiometer (after proper data reduction). The 
gradiometer thus measures a gradient expressed in 
gammas per foot or gammas per meter, etc. in the direc- 

tion of r (or the vertical gradient,c. in the direction of 

2) which may be contrasted with the basic magnetom- 
eter measurement of T (actually total field, f), which 
is a scalar and inherently specifies no direction. (NOTE: 
the total field anomaly T is used herein instead of total 
field F to simplify and be more consistent in the expres- 
sions for the anomalies themselves). 

AT The smaller the value of -that the gradiometer can 
Ar 

measure, the more sensitive is the gradiometer. This 
value can, in turn, be made smaller by minimizing AT  
or maximizing Ar. Thus, for a magnetometer with a 
sensitivity of 1 gamma and spacing of 3 feet between 
sensor positions, the gradient sensitivity would be 
Y3 = 0.3 gamma per foot. For a magnetometer with 
0.25 gamma sensitivity and sensor spacing of 3 feet, 

the gradient sensitivity is 0’25- - - 0.08 gamma per foot. 

Increasing the sensor spacing to 8 feet and using 0.25 

gamma magnetometer sensitivity provides - - 0.03 

gamma per foot sensitivity-adequate for many petro- 
leum exploration applications. 

Gradiometer Readings in the Field 
The gradiometer measurements incorporated in some 

of these applications are the vertical gradient and 

the two horizontal gradients, - and , 2 being the 

vertical coordinate, x along the profile and y normal to 
the profile. When these three gradients are used together, 

AT dT 
Ar dr 

dz 

3 

0.25 - 
a 

dZ 
dT 
dx dy 

a i  a i  aT 
the symbolism for partial derivatives, - , - and - 

ax av a2 

will be used, but they are the same numerically as their 
corresponding expressions above. 

A vertical differential reading can be obtained by using 
a single magnetometer with the sensor placed first at 
one elevation and then another over the same point on 
the traverse. Typical elevations are 4 feet and 8 feet 
for very large gradients (mineral exploration or search) 
or 4 feet and 12 feet for smaller gradients, the larger 
the separation the more sensitive the gradiometer. It is 
important in the vertical gradiometer observations that 
the sensor occupy the same horizontal position when 

making each measurement. One possible arrangement 
is to place the sensor on a long staff and to place an 
additional support or staff, at right angles to the princi- 
pal staff near the sensor. Thus, readings could then be 
taken on each of these staffs so long as adequate signals 
are obtained for these orientations. (See Figure 49.) 

Horizontal gradients can be computed from the total 
field data as the slope of the total field profile at any 
point of interest which is one example of the necessity 
for total field, not simply vertical gradient alone. Ade- 
quate horizontal gradients can only be computed in this 
manner when the anomalies are extremely broad, Le.. 
the sources deep, relative to the station density, as 
might be true for many petroleum surveys. In the case of 
shallow anomaly sources as in mineral exploration where 
the total field variations and their gradients are large 
and rapidly changing, the individual total field measure- 
ments may be spaced too far apart to allow for accurate 
slope measurements at the points where the vertical 
gradient is observed. In such surveys, the horizontal 
gradient can be measured in any of several ways with 
increasing accuracy, but also increasing time and effort. 

In theory. a gradiometer measures the gradient at the 
midpoint of the sensor spacing. Ideally therefore, one 
may wish to measure the vertical gradient with two 
measurements above and below a point P and the hori- 
zontal gradient (or gradients) from two additional meas- 
urements in front and back of the same point for a total 
of 4 measurements. A purist may also recommend that 
where total field is required, it, too, should be measured 
at P as a fifth measurement and if the other horizontal 
gradient is desired as well, it would involve 2 additional 
observations for a grand total of 7 readings. 

In practice, however, particularly for sources deeper 
than, say, 100 feet, what is recommended is simply three 
readings, two spaced perhaps 8 feet apart at the higher 
elevation of 12 feet, and one beneath either of the first 
two at an elevation of 4 feet. The assumption would be 
made that all measurements were centered about the 
same point (see Figure 49), as the ideal case above. 

The lower reading of any vertical gradiometer pair of 
measurements should seldom be made much closer than 
several feet to the ground surface due to possible effects 
of surface noise from the microtopography. placer mag- 
netite. etc. On the other hand, it is desirable to maxi- 
mize the separation between sensors to increase the 
sensitvitiy of the gradiometer without making the higher 
sensor unwieldly and impractically high. The two sensors 
in any configuration should not in general be off a 
vertical or horizontal line by more than 5 or 10 degrees 
if at all possible, for one is making a vector (angular- 
dependent) measurement. 

Gradlometer as I FNut.r 
For reasons detailed in the following section below, the 
gradiometer automatically removes the regional gradient, 
and increases the resolution of even local anomalies 
(see Figure 50). Each anomaly is portrayed as a more 
resolved anomaly, separating, for example, the anomaly 
from different edges of a source into two or more dis- 
crete anomalies (see Figure 51). This increased resolving 
power is exhibited by horizontal or vertical gradiometers 
equally well. The same property, howevei, precludes 
useful application of a gradiometer in areas of surface 
noise, Le.. very local anomaly sources. 
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Figure 49. Gradiometer Measurement Procedures 

Calculation of Vertical Gradknt removes non-local anomalies, such as the regional gradi- 
For a dipole, the vertical gradient is expressed by taking 
the derivative of the simplified expression of the dipole 
(see Chapter V for other orientations of a dipole): 

M 
T = -  

z3 
and 

dT -3M -3 M -3T - = - = - - = -  
dz z4 z3 z 

Note that the gradiometer anomaly from a dipole varies 

ent. In other words, the gradient varies much more with 
distance than the total field, or expressed in other terms 
the difference in intensity between two nearby sensors 
from distant sources is so small that it is negligible com- 
pared to the difference in intensity from nearby sources. 

The above expression. -, is a-convenient form for 
3T 
2 

rapidly estimating the gradient from a dipole'given only 
the total field anomaly and the distance to the source. 
For examole. the earth's field itself thus has a vertical 

1 

e4 

gradient 6f 0.6304 and 0.008 gammas per foot at the as -which explains why the gradiometer automatically and at the poles respectively9 
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i 
I 

Figure 50. Gradiometer as a Filter for Removal of Regional Gradient 

Figure 51. Gradiometer for Resolving Local 
Anomalies 

For a monopolar source, 
M 

T z -  2 and 
dT -2M -2M - 2T -=.--=--=- 
dz z3 z z2 z 

The gradiometer anomaly from a moqopole source is 
1 seen to vary as - . in fact, for any generalized source 

which has a total field expression, 
z3 

M 
T I -  

r" ' 

the gradiometer anomaly is 

dT -nM 
dr rn*l 

and any gradiometer anomaly therefore varies at a higher 
rate or fallsff than its corresponding total field anomaly. 

- =  - 

Depth Estimates from Vertlcal Gradients 

If one assumes that a given source is a dipole as would 
be true for most objects of search and thus has a fall- 
off factor n = 3 (see above), then by measuring the gradi- 

dT 
ent, - and the total field anomaly, T, over rhe anomaly, 

dz 
one can determine the depth z. for 

- 3T z = -  
dT 
dz 

Thus, it is possible in this case to determine the depth 
without requiring knowledge of the magnetic moment or 
of what it is comprised-other than that it behaves as 
a dipole. Furthermore, these values can then be re-in- 
serted in the basic expression for the dipole to compute 
M which is the product of k, F, and V which, in turn. 
may be helpful in determining the susceptibility or vol- 
ume for ore reserves, rock type, etc. 

Whether or not, the dipole anomaly involves M or 2M 
for the magnetic moment is not important, for if 

then 

and 

M which is the same as given above for T = -. Therefore, 

the depth may still be calculated, for, as stated, this 
method removes the dependence on the knowledge of 
the magnetic moment M and its factors. 

2 

For a monopole. -2T ' z e -  

dT 
dz 
- .  
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and for a horizontal cylinder, -2T z = -  
dT 
dz 
- 

-T 

dT 
dz 

z = -  for the edge of a narrow wertical dike, 

- 
and for any generalized anomaly, 

(Note: Refer to Chapter V for a summary of In’* the fall- 
off factor.) 

Alternatively, one may wish to calculate depths by using 
the two total field measurements separately instead of 
their use in the gradient calculation particularly when 
the sensor spacing is greater than of the distance 
to the source which invalidates the gradient measure- 
ment. As an example, consider again the dipole 

M 
Tz = -  at elevation z 

z3 

and M 
Tz+AZ = (z+&)3 at  elevation z+A2 

Then, by dividing the two expressions, 
3 

Tz 

Tz +AZ 
and 

A2 
2 =  

(6 ) 1’3-1 

General Expression 
involving Gradients and Goordlnateo 
The above expressions for depth estimates involving 
the vertical gradient and z are merely a special case of 
the following general expression (known as Euler’s 
expression for homogeneous equations): 

aT aT aT 
x -+ y-+ Z-= -nT 

where n is the fall-off factor (e.g., n = 3 for a dipole, 
n = 2 for a monopole, etc., see Chapter V). Thus, over 

the anomaly where x = o and y = 0, z = -, asabove. 

ax  av a2 

- RT 

aT 
az  
- 

Such an expression is only applicable for simplified 
sources having a single effective value of n (i.e~, mathe- 
matically homogeneous to degree n). It is possible to 
utilize the measured values of the gradient at various 
points on a profile to solve for the depth, z (and the 
fall-off factor, n). Assuming that the profile is, for example, 
over the anomaly source and in a magnetic north direc- 

tion (x-direction), - and y would be small and the 

term, Y -= 0. Where the horizontal gradient(s) is zero, 

aT 
av aT 

aY 

aT -nT -nT - = 0 and z = - , similarly where x = 0, again z = - 
dT a x  aT - 

a z  a z  
Thus, z and n have the same relative value or ratio at 
these two points on the profile, one noted by observation 

of the - = 0 which would be at a peak (maximum or 

minimum) of the anomaly and the other at x = 0, i.e., the 
point immediately over the anomaly source. Thus, the 
point x = 0 can be determined. Plotting values of z as a 

function of n for various values of - , - and x will 

thus produce a series of straight lines intersecting at the 
solution of z and n as shown in Figure 52. 

aT 

a x  

aT aT 
a x  a z  

An expression simitar to Euler’s equation can be derived 
which does not involve the magnitude of the anomaly 
itself, but only the gradient and can be used for solving 
for anomaly location and depth. The algebraic scalar 
(or dot) product of the radius vector, ?, and the gradient 
vector, V T, taken at any point along the profile is 

A 

aT aT aT -A - 
X -+  y - +  Z - - I  lVTl Ir Icos8 

a x  a v  a z  

t 2  
1 i 

FOR DIPOLE AT L = 2.5 
ANDn=3 

I 

figure 52. Graphical Solution to Euler’s Equation 
for Depth and Fall-off Rate for Typical Gate 
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t PLO7TEDIN 
dx x DIRECTION dT 

VECTOR SUM AT EACH 
POINT ALONG PROFILE 

where 

and e is the angle between these vectors. The angle 0 
is usually 0" when a radial line to the effective source 
is parallel to the earth's field (for induced sources). This 
expression can be used by itself expressing B in terms 
of the coordinates and gradients or by equating 

and, as before, solving for x. z and n. 

Gradient Vector Diagrams and 
Vector Information from Total Field 
Of interest to those who prefer graphical methods for 
expressing magnetic profile data, consider again the 
expressions above, but only with respect to the magni- 
tudes. If one assumes either a two-dimensional (infinitely 
long) anomaly or a traverse over a 3-dimensiona6 source. 

where in either case - = 0 and/or y = 0, then the profiles 

for - and - would appear as in Figure 53. Inverting 

aT - and plotting in Weir respective directions, the rela- 

tive magnitudes of each gradient taken directly from 
each curve, a set of gradient vectors and their vector 
sum can be obtained which is very analagous but not 
identical to, the component fields of an anomaly as are 
often observed using a vertical and horizontal intensity 

IATI Irlcose = -nT 

aF 

av 
aT aT 

a z  ax 

a2  

- dT\J 
dz (INVERTED) 

Figure 53. Schematic for Plotting Gradient 
Vector Diagrams 

magnetometer or dip needle. In the case of the total 
field magnetometer, however, the basic measurement 
is a scalar which, by itself, is easily and rapidly derived. 
The directional, or vector, requirements of the gradiom- 
eter are derived as the gradient of the scalar with orien- 
tation requirements in terms of only several degrees. 
Conversely. the basic measurement of any component 
magnetometer involves slow, careful measurements to 
accuracies on the order of minutes of arc. Such vector 
diagrams, which are common in the literature over the 
last 3 decades, can be very usefully applied for a graphic 
(both literally and figuratively) presentation of a number 
of common geologic structures as sketched in figure 54 
which many exploration personnel find very useful. 

An interesting alternative method for obtaining vector or 
directional information from the inherently scalar total 
field magnetization is described in Chapter VI as a 
method for determining the direction of the field. The 
method employs simply the sensor. staff and a small 
(hard steel, slightly magnetized) needle all rigidly joined. 
As this arrangement is positioned at various directions, 
a maximum or minimum is observed precisely at the 
local earth's field direction. Realizing the difficulties, 
one may wish to affix a level bubble to such an arrange- 
ment to observe and plot the small change in dip of the 
earth's field in the vicinity of local anomalies particularly 
the larger anomalies. More sophisticated modifications 
to such a scheme would require audio display of the 
reading for rapid determination of a maximum or mini- 
mum reading or a coil system to modulate the field in a 
parallel or perpendicular direction. 

(NOTE: VECTORS ARE TANGENTS TO GRADIENT LINES OF FLUX) 

Figure 54. Gradient Vector Diagrams 



IX. 

MAGNETIC MEASUREMENTS OF 
ELECTRIC CURRENT DISTRIBUTIONS 

Introduction 
The magnetic measurements described in Chapters I 
through VIII. by and large, concern anomalies due to 
various distributions of magnetite. The principal excep- 
tions to this source of anomalies were certain sources 
of noise including the time variations of the field, elec- 
tric trains and AC and DC power lines. It may therefore 
be obvious that electric currents, too, produce magnetic 
field perturbations measurable with a portable magne- 
tometer. Such effects are important to consider from a 
standpoint of evaluating possible noise sources, estab- 
lishing certain magnetic bias fields, object location using 
active currents and several other applications. 

Among the current sources to be considered for these 
applications will be those due to a long wire, pair of 
parallel wires, conducting sheet, solenoid (or loop) and 
Helmholtz bias coil. In all cases in this chapter, it is 
only direct current (DC) that is considered in producing 
magnetic fields measurable with the magnetometer. 
Alternating current (AC) sources are not easily measured 
with the ordinary portable magnetometer and are only 
considered in light of their degrading effects on the 
proton precession signal. 

Applications 
The e s ~ ~ ~ ~ t I o ~  d the field produced by a given pair 
of paralleil Bine sources may be used to estimate the 
effect of a nearby (or distant) DC train, tram, subway, 
or the newer extra-high-voltage DC power lines. A 
single line source can be used to locate buried pipe- 
lines or other conductors by applying the current to 
externally available points and following the suggestions 
given in Chapter VII. A sheet of current and its field is 
useful as an active method for mineral exploration. A 
solenoid or any other concentrated set of more-or-less 
circular windings is normally used to create a uniform 
field within the solenoid itself (as it is used, for example, 
in the proton magnetometer itself in the form of a sole- 
noid or toroid, which is a solenoid whose ends are 
joined). A single solenoidal coil, however, produces an 
external field as well and produces a dipole magnetic 
moment identical to that created by a magnet except 
that the solenoid field can be varied at will in amplitude, 
sense and turned off as desired. Such a solenoid may 
be used for relocation under soil, rock or shallow water 
as previously described. Similarly, a solenoid can be 
placed in shafts, adits or boreholes and detected, regard- 
less of conductivity, in adjacent holes when it is desired 
to obtain the approximate direction, distance and loa -  
tion of the former. Requirements for such location may 
arise in connection with the location of air shafts, con- 
necting portions of a mine, access to mine workings, 
caves, lava tubes, or in the solution of other more eso- 
teric problems. 

Various configurations of coils can be constructed to 
produce a uniformly magnetic bias field for magnetic 
observatory use, measurement of magnetic properties 
of materials, cancelling or changing the direction of the 
earth’s magnetic field or a variety of other purposes. 
Such coils are often in the shape of a large cube, sphere 
or different coaxial and orthogonal configurations, the 
simplest being the Helmholtz coil comprised of two 
identical coaxial coils spaced apart on their common 
axis at a distance equal to their radius. At the center of 
this arrangement is a relatively uniform field whose inten- 
sity is governed by the current in the coil. 

A Helmholtz coil can be used with a total field magne- 
tometer to obtain an accurate component measurement 
of the earth’s field. if, for example, the coil is aligned 
with its axis vertical, the vertical component of the 
earth’s field within the coil can be cancelled by gener- 
ating an equal but opposite vertical field leaving only 
the horizontal component of the earth’s field. A total 
field sensor within the coil then measures only the total 
field (now horizontal), and changes along this direction, 
i.e., it measures the horizontal component of the earth’s 
field. Vertical components can be measured in a similar 
manner by switching coils and current appropriately. 

As another application of the effect of electric currents 
~ r a  the earth’s field, consider the measurement of the 
conductivity of the subsurface that would be of interest 
in geoiugical exploration. As in many electrical methods 
for mineral exploration, electrodes of various configura- 
tions at spacings of hundreds of feet can be used to 
apply direct current into the ground for a period which 
overlaps the measurement time of the magnetometer. 
The magnetic field of the resulting current distribution 
can be measured and mapped with a portable total field 
magnetometer as an indirect means for mapping the 
subsurface conductivity (resistivity). Thus, a magnetom- 
eter, particularly one with higher sensitivity, say, 0.25 
gamma, can be used for such a conductivity survey, 
rapidly, without orientation restrictions and without 
requiring contact with the ground surface. (NOTE: The 
current should be switched in polarity during consecutive 
readings at one location using the difference in readings 
as a measure of current density; the electrode array 
should be set up with consideration for the earth’s field 
direction and the magnetometer can be used as well 
for conventional field measurements when the current 
is removed.) 

Configuration of Mrgnetlc Field 
of Electric Current Source8 
It will be assumed, as before, that the field of any cur- 
rent source is much smaller than the ambient field 
(except in the case of the Helmholtz bias field above) 
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and the total field magnetometer therefore measures 
only components of any current-produced field in the 
direction of the ambient field. The magnetic field of a 
single, long wire appears as in figure 55 in the form of 
concentric circles about the wire in a direction following 
the ‘right-hand-rule’, i.e., the field will be in the direction 
of the curled fingers of the right hand when the current 
is in the direction of the thumb. Observe. for example, 
that a total field magnetometer will see no effect of the 
current in a wire parallel to the earth’s field. Two long, 
straight, parallel wires with current flowing in opposite 
directions (the usual case) will produce fields which 
almost, but not quite, cancel at distances large compared 
to the separation of the wires. The configuration of the 
field, however small, will appear as a line of dipoles 
whose axes are at right angles to the plane of the two 
wired (see figure 55). 

A solenoid produces an external field identical to that 
from a small bar magnet in the same direction. The field 
lines of a solenoid and the approximate field of the 
Helmholtz bias coil are shown in Figure 55. 

Amplitude of Fields of Current Sources 
The field of a single long wire is given by 

0.2 i 
r 

T = -  

where T is the anomaly in the direction of the earth’s 
field in gauss (105 gammas = 1 gauss = 1 oersted), i is 
the current in amperes and r is the distance in centi- 
meters between the wire and the point of measurement. 
The anomaly, T , as measured by a total field magne- 
tometer would, again, be the component of T in the 
direction of the total field, F, paying special attention 
also to the configuration of the field of the wire. 

A pair of infinitely long wires with current in opposite 
directions is 

0.8 di 
4r2 +d2 

Tn = - 
at a point on a line from the midpoint between the wires 
where Tn is the anomaly in gauss, d, the separation of 
the wires in centimeters, r, the distance to the midpoint 
of the wires and, i ,  the current. The field at a point in 
the plane of the wires is 

0.2 di To = - 
r2 +rd 

In the case where r>>d. the field is the same for a given 
distanoe, r, in any direction from the wires and behaves 
as though it were a line of dipoles with amplitude 

0.2 di 

r2 
T = -  

As an example, consider an electric train at the mag- 
netic equator in an E-W section of track, with several 

locomotives drawing current from the circuit using a 
total of 2000 amperes, with the distance, d, between the 
overhead wire and its ground-rail-return of 500 centi- 
meters and with a magnetometer at 1 kilometer (105 
centimeters) : 

. 

0.2 x 5 x io2 x 2 x io3 
(io5 1’ 

T F = T =  = 2  x l o 5  gauss 

= 2 gammas 

From the configuration of this field as shown in figure 
55, the effect of this train with a track in an N-S direction 
at the equator or in any direction at the north magnetic 
pole would be TF = 0, i.e., it would produce no effect on 
a total field magnetometer. 

A conducting sheet carrying a current of density, i 
amperes per centimeter would produce a field, T, at 
right angles to the current flow above the sheet with the 
sense determined by the right hand rule. The current is 

T = 0.2ni 

where the intensity does not vary with distance from the 
sheet. 

The external field of a solenoid can be expressed by 
0.2 n a2 Ni 

r3 
T =  

where T is the field in gauss along the axis of the sole- 
noid (one-half this value at the same distance at a point 
on a line normal to the axis of the solenoid), a, the radius 
of the solenoid, N, the number of turns, and the other 
terms as described. The field behaves as a dipole with all 
of the geometric characteristics described in Chapter V. 
For such a solenoid of an average radius of 2 centimeters 
with 500 turns carrying 0.1 ampere with its axis parallel 
to the field, the field at 50 centimeters E or W of the 
solenoid would be 

1 0.2 x n x 22 x 5 x lo* x 0.1 = 5x,Q-4 Qauss =(,> (50)3 

= 50 gammas 

in a sense opposite to that of the solenoid itself. 

A Helmholtz coil produces a field, T, at its center given 
by 

0.899 Ni 
a 

T=- 

where T is the field in gauss produced by the coil inde- 
pendent of the direction of the earth’s field, a, the radius 
of the coils and the other terms as described above. More 
detailed information on the fields of coil systems, their 
homogeneity, etc.. is available in publications of mag- 
netic observatories. 
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I .  PURPOSE AND GOALS 

T h e  B i s o n  O f f s e t  R e s i s t i v i t y  S o u n d i n g  C a b l e  S y s t e m  p r o v i d e s  
a m e a n s  t o  c o n d u c t  W e n n e r - t y p e  r e s i s t i v i t y  s o u n d i n g s .  S e v e r a l  
i m p o r t a n t  b e n e f i t s  a r e  i n c o r p o r a t e d  i n t o  t h e  s y s t e m  as  f o l l o w s :  

( 1 )  T h e  s y s t e m  e m p l o y s  an “ O f f s e t  S o u n d i n g  M e t h o d ”  w h i c h  
g r e a t l y  r e d u c e s  t h e  t r o u b l e s o m e  i n t e r p r e t a t i o n  p r o b l e m s  
a r i s i n g  f r o m  l o c a l ,  n e a r - s u r f a c e  l a t e r a l  r e s i s t i v i t y  
v a r i a t i o n s .  

( 2 )  T h e  s y s t e m  p r o d u c e s  a much m o r e  d e t a i l e d  r e s i s t i v i t y  
s o u n d i n g  c u r v e  f o r  i m p r o v e d  s u b s u r f a c e  i n t e r p r e t a t i o n s .  

( 3 )  T h e  s y s t e m  g r e a t l y  r e d u c e s  t h e  f i e l d  t ime r e q u i r e d  t o  
o b t a i n  a r e s t s t i v i t y  s o u n d i n g ,  y e t  a c h i e v e s  t h i s  w i t h  a 
s m a l l e r  n u m b e r  o f  p e r s o n n e l .  A f t e r  t h e  B i s o n  O f f s e t  
S o u n d i n g  C a b l e  h a s  b e e n  l a i d  o u t ,  t h e  c o m p l e t e  s o u n d i n g  
i s  c a r r i e d  o u t  u s i n g  o n l y  t h e  s w i t c h - b o x  a r r a n g e m e n t $  
w i t h  no f u r t h e r  m o v e m e n t s  o f  t h e  e l e c t r o d e s  r e q u i t e d .  

I n  c o n s e q u e n c e  o f  t h e s e  b e n e f i t s ,  t h e  “ O f f s e t  W e n n e r “  
e l e c t r o d e  c o n f i g u r a t i o n  b e c o m e s  s u p e r i o r  r a t h e r  t h a n  
i n f e r i o r  t o  t h e  S c h l u m b e r g e r  c o n f i g u r a t i o n ,  w i t h  r e s p e c t  t o  
s e n s i t i v i t y  t o  e r r o r s  f r o m  l a t e r a l  r e s i s t i v i t y  v a r i a t i o n s .  

T h e  e s s e n c e  o f  t h e  O f f s e t  W e n n e r  a r r a n g e m e n t  is t o  e x p l o i t  
t h e  r e d u n d a n c i e s  a n d  c r o s s - c h e c k s  i n h e r e n t  i n  a f i v e  
e l e c t r o d e  a r r a y .  O n l y  f o u r  e l e c t r o d e s  a r e  u s e d  f o r  e a c h  
m e a s u r e m e n t ,  b u t  t h e s e  e l e c t r o d e s  may b e  s e l e c t e d  i n  s e v e r a l  
d i f f e r e n t  w a y s  from t h e  t o t a l  o f  f i v e .  I n  a d d i t i o n ,  a n y  
e l e c t r o d e  c a n  b e  u s e d  e i t h e r  as  a c u r r e n t  e l e c t r o d e  o r  a s  a 
p o t e n t i a l  e l e c t r o d e .  

T h e  t h e o r y  b e h i n d  t h i s  d e v e l o p m e n t  h a s  b e e n  s e t  f o r t h  by  D r .  
R. D. B a r k e r  f r o m  t h e  U n i v e r s i t y  o f  B r i m i n g h a m ,  E n g l a n d .  A 
d e s c r i p t i o n  o f  t h i s  t h e o r y  a n d  r e f e r e n c e s  t o  Dr. B a r k e r ’ s  
p a p e r s  a r e  a v a i l a b l e  i n  a s e p a r a t e  d o c u m e n t ,  s u p p l i e d  u p o n  
r e q u e s t .  

T h e  v a r i o u s  c o m b i n a t i o n s  u s e d  i n  t h e  B i s o n  O f f s e t  S o u n d i n g  
S y s t e m  a r e  s h o w n  i n  F i g u r e  1: 

5 Measured e 3 Resistance 
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FIGURE 1: The various resistances measured w i t h  
the five-electrode array. 



A s e c o n d  f e a t u r e  o f  t h e  s y s t e m  l i e s  i n  c h o o s i n g  t h e d - s u c c e s s i o n  of 
e l e c t  r o d e  s p a c i n g s  ( " A - v a l u e s " )  t o  p r o d u c e  t h e  maximum r e d u n d a n c -  
i n  e l e c t r o d e  p o s i t i o n s .  F o r  e x a m p l e ,  t h e  c u r r e n t  e l e c t r o d e s  f o x  
A = 10 m e t e r s  o c c u p y  t h e  same p h y s i c a l  p o s i t i o n  as t h e  p o t e n t i a l  
e l e c t r o d e s  f o r  A * 38 m e t e r s .  T h u s  t h e  s a m e  e l e c t r o d e s  c a n  b e  
u s e d  i n  t h e s e  p o s i t i o n s  f o r  b o t h  r e a d i n g s ,  a n d  p o s s i b l y  o t h e r s  as 
w e l l .  T h e  e l e c t r i c a l  c o n n e c t i o n s  t o  t h e  e l e c t r o d e s  c a n  b e  
a c c o m p l i s h e d  s i m p l y  b y  a s w i t c h i n g  a r r a n g e m e n t  

W i t h  a f i v e - e I e c t r o d e  s y s t e m ,  t h i s  r e d u n d a n c y  b e c o m e s  e v e n  
g r e a t e r .  A s  s h o w n  i n  F i g u r e  2 ,  t h e  s e q u e n c e  o f  m e a s u r e m e n t s  is 
a c c o m p l i s h e d  by  d o u b l i n g  t h e  s p a c i n g  f o r  e v e r y  g r o u p  o f  f i v e  
e l e c t r o d e s :  

Spac ing  i s  i n c r e a s e d  by doubling:  

1 2 3 4 5  

3 4 
V V Y Y V  

;. V Y 
F i g u r e  2 :  T h e  p r i n c i p l e  o f  o f f s e t  s o u n d i n g  

i n  t h e  B i s o n  O f f s e t  S o u n d i n g  S y s t e m .  

S p e c i f i c a l l y ,  d a t a  a r e  t a k e n  a t  A - s p a c i n g s  o f  0 . 5 ,  1 ,  2 ,  4 ,  8 ,  
1 6 ,  3 2 ,  6 4 ,  a n d  1 2 8  m e t e r s  f o r  t h e  BOSS S y s t e m .  

F o r  e a c h  o f  t h e s e  s p a c i n g s ,  h o w e v e r ,  s e v e r a l  r e a d i n g s  are  t a k e n  
a s  s h o w n  i n  F i g u r e  1 ,  b y  m e a n s  o f  s w i t c h i n g  a r r a n g e m e n t s .  
C e r t a i n  c o m b i n a t i o n s  o f  t h e s e  r e a d i n g s  a r e  e q u i v a l e n t  t o  t h e  
W e n n e r  r e s i s t a n c e s  t h a t  w o u l d  b e  m e a s u r e d  w i t h  s p a c i n g s  o f  1 . 5 ,  
3 ,  6 %  1 2 ,  24, 4 8 ,  9 6 ,  1 2  a n d  2 5 6  m e t e r s ,  a l t h o u g h  t h e s e  s p a c i n g s  
a r e  n e v e r  a c t u a l l y  u s e d  i n  t h e  f i e l d e  

A l l  o f  t h i s  c a n  b e  a c h i e v e d  w i t h  o n l y  o n e  c e n t e r  e l e c t r o d e  p l u s  9 
e l e c t r o d e s  i n  e a c h  d i r e c t i o n ,  o r  1 9  e l e c t r o d e  p o s i t i o n s  t o t a l ,  
y e t  t h e  a r r a n g e m e n t  p r o d u c e s  a 1 6 - p o i n t  W e n n e r  s o u n d i n g  c u r v e .  
An e q u i v a l e n t  S c h l u m b e r g e r  s o u n d i n g  w o u l d  r e q u i r e  o c c u p a n c y  of  3 4  
e l e c t r o d e  p o s i t i o n s ,  a n d  a c o n v e n t i o n a l  W e n n e r  s o u n d i n g  w o u l d  
r e q u i r e  a minimum o f  3 8  e l e c t r o d e  p o s i t i o n s .  
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T h e s e  f e a t u r e s  p r o d u c e  a v e r y  d e t a i l e d  W e n n e r  s o u n d i n g  c u r v e  
w h i c h  can r e s u l t  i n  s u p e r i o r  s u b s u r f a c e  i n t e r p r e t a t i o n s .  
F u r t h e r m o r e ,  a l l  s t a n d a r d  r e s i s t i v i t y  i n t e r p r e t a t i o n  p r o c e d u r e s  
c a n  b e  u s e d ,  w i t h  no s p e c i a l  t r a n s f o r m a t i o n s  o r  d a t a  c o r r e c t i o n s  
s u c h  a s  r e q u i r e d  f o r  S c h l u m b e r g e r  d a t a .  

T h e  most s i g n i f i c a n t  b e n e f i t  o f  a l l  f r o m  t h e  B i s o n  O f f s e t  
S o u n d i n g  S y s t e m  r e m a i n s  t o  be  d e s c r i b e d ,  n a m e l y  t h e  m i n i m i z a t i o n  
o f  e r r o r s  f r o m  unknown l a t e r a l  r e s i s t i v i t y  v a r i a t i o n s  i n  t h e  s u b -  
s u r f a c e .  

The s p u r i o u s  e f f e c t  o f  l o c a l ,  n e a r - s u r f a c e ,  l a t e r a l  r e s i s t i v i t y  
v a r i a t i o n s  i s  o n e  o f  t h e  m o s t  t r o u b l e s o m e  p r o b l e m s  e n c o u n t e r e d  i n  
r e s i s t i v i t y  s o u n d i n g .  T h e  e f f e c t s  c a n  s e r i o u s l y  d i s t o r t  t h e  
s o u n d i n g  c u r v e  w h i c h ,  i t  i s  h o p e d ,  r e p r e s e n t s  a h o r i z o n t a l l y  
l a y e r e d  s t r u c t u r e .  N u m e r i c a l  f i l t e r i n g  t e c h n i q u e s  cannot b e  
e m p l o y e d  t o  r e m o v e  l a t e r a l  e f f e c t s  w i t h o u t  d i s t o r t i n g  t h e  
o b s e r v e d  s o u n d i n g  c u r v e  i n  o t h e r  w a y s .  T h e s e  e f f e c t s  c a n  b e  
r e d u c e d  a n d  o f t e n  a l m o s t  r e m o v e d  by  e m p l o y i n g  t h e  O f f s e t  S o u n d i n g  
m e t h o d .  

F i g u r e  3 s h o w s  a s e c t i o n  t h r o l u g h  t h e  f o u r  e l e c t r o d e s  o f  a 
S c h l u m b e r g e r  a r r a y .  

C P ‘ P  C 

FIGURE 3 :  The s i g n a l  c o n t r i b u t i o n  s e c t i o n  for a 
S c h l u m b e r g e r  e l e c l t r o d e  c o n f i g u r a t i o n .  
N e g a t i v e  c o n t r i b u l t i o n s  a r e  s h o w n  by 
b r o k e n  l i n e s .  I 
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T h e  c o n t o u r s  s h o w  t h e  r e l a t i v e  c o n t r i b u t i o n  t o  t h e  m e a s u r e d  
r e s i s t a n c e  g i v e n  by a u n i t  v o l u m e  o f  e a r t h  a t  a n y  p o i n t  in t h e  
s e c t i o n .  A n e a r - s u r f a c e  b o d y  o f  h i g h  r e s i s t i v i t y  l o c a t e d  i n  a 
p o s i t i v e  z o n e  i n  a n  o t h e r w i s e  h o m o g e n e o u s  e a r t h ,  w i l l  p r o d u c e  a 
m e a s u r e m e n t  o f  r e s i s t i v i t y  w h i c h  is t o o  h i g h ,  i . e .  h i g h e r  t h a n  
w o u l d  h a v e  b e e n  m e a s u r e d  i n  t h e  a b s e n c e  o f  t h e  b o d y .  I f  t h e  b o d y  
were l o c a t e d  i n  n e g a t i v e  r e g i o n ,  t h e  m e a s u r e d  r e s i s t i v t y  w o u l d  b e  
t o o  low. 

T h e  e f f e c t  o f  a b o d y  o f  a n o m a l o u s  r e s i s t i v i t y  l o c a t e d  i n  a p o s i -  
t i v e  z o n e  c o u l d  b e  r e m o v e d  by  o f f s e t t i n g  t h e  e l e c t r o d e s  a l o n g  t h e  
e l e c t r o d e  l i n e  by  a d i s t a n c e  s u c h  t h a t  t h e  b o d y  now l i e s  i n  a 
n e g a t i v e  r e g i o n .  An a v e r a g e  o f  t h e  two r e s i s t a n c e  m e a s u r e m e n t s  
w i l l  c a n c e l  t h e  s p u r i o u s  p o s i t i v e  c o n t r i b u t i o n  i n  t h e  f i r s t  
m e a s u r e m e n t  w i t h  t h e  n e g a t i v e  c o n t r i b u t i o n  i n  t h e  s e c o n d .  I n  
t h i s  way t h e  e f f e c t  o f  t h e  b o d y  w i l l  b e  r e m o v e d .  

In p r a c t i c e  t h e  W e n n e r  e l e c t r o d e  a r r a n g e m e n t  m u s t  b e  u s e d .  
F i g u r e  4 s h o w s  t h e  s i g n a l  C o n t r i b u t i o n  s e c t i o n  f o r  t h e  W e n n e r  
a r r a y .  

F I G U R E  4: A s i g n a l  c o n t r i b u t i o n  s e c t i o n  for W e n n e r  
a r r a y ,  i l l u s t r a t i n g  t h e  o f f s e t  p r i n c i p l e .  
T h e  a p p a r a n t  r e s i s t i v i t y  a r e  t h o s e  w h i c h  
w o u l d  b e  m e a s u r e d  w i t h  a h i g h l y - c o n d u c t i v e  
s p h e r e  i n  t h e  p o s i t i o n  s h o w n .  
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I t  c o m p r i s e s  p o s i t i v e  and n e g a t i v e  r e g i o n s  o f  a p p r o x i m a t e l y  
e q u a l  e x t e n t .  T h e  e f f e c t  of a b o d y  o f  a n o m a l o u s  r e s i s t i v i t y  
l y i n g  w i t h i n  o n e  o f  t h e s e  z o n e s  c a n  b e  s t r o n g l y  r e d u c e d  by off- 
s e t t i n g  t h e  w h o l e  a r r a y  by  a d i s t a n c e  e q u a l  t o  t h e  s p a c i n g .  
E x c e p t  f o r  t h e  r e g i o n s  a t  e a c h  e n d  o f  t h e  e l e c t r o d e  l i n e ,  n e g a -  
t i v e  z o n e s  now f a l l  w h e r e  p o s i t i v e  r e g i o n s  f e l l  p r e v i o u s l y  a n d  
v i c e  v e r s a .  T h e  r e s i s t a n c e  m e a s u r e m e n t  i s  r e p e a t e d  a n d  a n  
a v e r a g e  o f  t h e  two m e a s u r e m e n t s  made .  

I n  t h e  p a r t i c u l a r  case  i l l u s t r a t e d  i n  F i g u r e  4 i n  w h i c h  a b u r i e d  
c o n d u c t i n g  s p h e r e  i s  l o c a t e d  i n  a n  o t h e r w i s e  h o m o g e n e o u s  m e d i u m  
o f  r e s i s t i v i t y  100  ohm-m, t h e  m e a s u r e d  r e s i s t a n c e s  w o u l d  b e  91.9 
a n d  1 0 7 . 8  ohm-m. An a v e r a g e  o f  t h e s e  is 99.9 ohm-m. In t h i s  
way an 8 %  e r r o r  i s  r e d u c e d  t o  a n  e r r o r  o f  o n l y  0 . 1 % .  

C o m p a r i s o n s  o f  t h i s  t y p e  d e p e n d  o n  t h e  p o s i t i o n  o f  t h e  a n o m a l o u s  
b o d y  r e l a t i v e  t o  t h e  e l e c t r o d e s .  A b e t t e r  a n a l y s i s  c a n  b e  made 
b y  c o m p a r i n g  c o m p l e t e  p r o f i l e s  a c r o s s  t h e  b o d y .  F i g u r e  5 com-  
p a r e s  W e n n e r  a n d  O f f s e t  W e n n e r  h o r i z o n t a l  p r o f i l e s  a c r o s s  a 
b u r i e d  c o n d u c t i n g  s p h e r e .  

-A- 

FIGURE S :  A comparison o f  c o n v e n t i o n a l  Kenner and Offset Wenner 
p r o f i l e s  a c r o s s  a conducting s p h e r e .  
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I n  t h i s  c a s e  t h e  e f f e c t  o f  t h e  s p h e r e  is r e d u c e d  by  a t  l e a s t  a 
f a c t o r  o f  t h r e e  w h a t e v e r  I t s  p o s i t i o n  r e l a t i v e  t o  t h e  e l e c -  
t r o d e s .  T h e  r e d u c t i o n  i n c r e a s e s  f o r  b o d i e s  n e a r e r  t h e  s u r f a c e  
a n d  d e c r e a s e s  w i t h  d e e p e r  s o u r c e s .  

F i g u r e  6 c o m p a r e s  a s o u n d i n g  c u r v e  o b t a i n e d  u s i n g  t h e  c o n v e n -  
t i o n a l  W e n n e r  t e c h n i q u e  w i t h  a c u r v e  o b t a i n e d  u s i n g  a n  O f f s e t  
W e n n e r  f i v e - e l e c t r o d e  e x p a n d i n g  a r r a y .  T h e  c u r v e s  were o b t a i n e d  
i n  a r e s i s t i v i t y  t a n k  i n  w h i c h  b o d i e s  of a n o m a l o u s  r e s i s t i v i t y  
were m o d e l l e d .  E a c h  c u r v e  is c o m p a r e d  w i t h  t h e  c u r v e  o b t a i n e d  
i n  t h e  c o m p l e t e  a b s e n c e  o f  t h e  l a t e r a l  e f f e c t s .  T h e  i m p r o v e m e n t  
o b t a i n e d  by u s i n g  t h e  O f f s e t  t e c h n i q u e  is c l e a r .  

I 

FIGURE 6 :  T a n k  m o d e l  s t u d y  i n  a l a y e r e d  
m e d i u m ,  t o  s h o w  r e d u c t i o n  i n  
e r r o r  p r o d u c e d  b y  an a n o m a l o u s  
r e s i s t i v e  b o d y .  
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IX. E Q U I P Y E N T  D E S C R I P T I O N  

i 

< 

connector 

T h e  B i s o n  O f f s e t  S o u n d i n g  S y s t e m  comes  w i t h  two  s e t s  of c a b l e s ,  
t h e  s t a n d a r d  B o s s - 1 2 8  m u l t i - c o n d u c t o r  c a b l e  a n d  t h e  
e x t e n s i o n - 2 5 6  c a b l e s .  T h e  BOSS-128 p r o v i d e s  r e a d i n g s  t o  a 
maximum s p a c i n g  o f  6 4  m e t e r s ,  p e r m i t t i n g  c o m p u t e d  r e a d i n g s  t o  a 
maximum o f  1 2 8  m e t e r s .  The e x t e n s i o n  c a b l e s  p r o v i d e  o n e  a d d i -  
t i o n a l  f a c t o r  o f  two i n  t h e  s p a c i n g s .  S i n c e  t h e  p r i n c i p l e s  o f  
o p e r a t i o n  a r e  i d e n t i c a l ,  t h e  f o l l o w i n g  d e s c r i p t i o n  w i l l  be  
d i r e c t e d  t o  t h e  BOSS-128 s y s t e m .  

T h e  s y s t e m  c o m p o n e n t s  c o n s i s t  o f :  

a )  Two m u l t i - c o n d u c t o r  c a b l e s  w i t h  m u l t i p l e  t a k e o u t  
c o n n e c t i o n s .  

b )  2 1  s t e e l  e l e c t r o d e s .  

c )  S w i t c h  Box.  

d )  C e n t r a l  e l e c t r o d e  c a b l e .  

e )  F o u r  e x t e n s i o n  c a b l e s .  

f )  I n s t r u c t i o n  M a n u a l ,  i n c l u d i n g  c o m p u t e r  p r o g r a m  t o  
e x p e d i t e  d a t a  r e d u c t i o n .  

T h e  c a b l e  c o n f i g u r a t i o n  i s  s h o w n  i n  F i g u r e  7 f o r  t h e  
BOSS S y s t e m .  

ta keou t s central 
marker 1-r 

distances 
/ between takeouts 
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T h e  electrodes and their connections to the 
s h o w n  in Figures 8 and 9. 

STEEL ELECTRODE 

cable a r e  

n 

FIGURE 8: Steel electrodes f o r  use with BOSS 
systems. 

TAKEOUT 
Drawn approximately 

TRAE MAR 

to true scale 
f, 
’ 

CABLE I 

ABLE 

( key  rings) 
FIGURE 9: Electrode connection to cable. 
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F i g u r e  10 s h o w s  t h e  e x t e r n a l  a p p e a r a n c e  of t h e  S w i t c h  B o x ,  w h o s e  
u s e  is d e s c r i b e d  b e l o w .  F i g u r e  11 s h o w s  t h e  i n t e r c o n n e c t i o n s  
c o n t a i n e d  w i t h i n  t h e  S w i t c h  B o x .  

F R O N T  R E A R  

F I G U R E  10:  S w i t c h  B o x ,  e x t e r n a l  v i e w .  
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F I G U R E  11: S w i t c h  B o x ,  i n t e r n a l  c o n n e c t i o n s .  
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Figure 1 2  s h o w s  t h e  e x t e n s f o n  c a b l e s ,  w h o s e  u s e  i s  d e s c r i b e d  
b e l o w .  

4 3m * 
C 
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4mm plug large croc clip 

( to  socket marked 
"CENTER" on switch box) 

(connected to 
central electrode) 

2 m  single core cable 

large croc clip large croc clip 

FIGURE 1 2 :  E x t e n s i o n  c a b l e s .  
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111. FIELD PROCEDURES 

1 .  F i e l d  C h e c k  L i s t  
- -2  B O S S - 1 2 8  m u l t i c o r e  c a b l e s  a n d  2 e x t e n t i o n  c a b l e s .  
- - 2  s e t s  o f  1 0  e l e c t r o d e s  p l u s  c e n t e r  e l e c t r o d e .  

- - C o n n e c t i n g  C a b l e ,  S w i t c h  B o x  t o  c e n t e r  e l e c t r o d e .  
--4 e x t e n s i o n  l e a d s .  
- - M e a s u r i n g  i n s t r u m e n t ,  a c c e s s o r i e s ,  a n d  c o n n e c t i o n  t o  

- - S w i t c h  B O X .  

S w i t c h  B o x  ( n o t  s u p p l i e d ) .  

2. P l a c e  o n e  e l e c t r o d e  t h r o u g h  t h e  two r i n g s  w h i c h  a r e  f o u n d  
o n e  on e a c h  c a b l e  a b o u t  3 meters  f r o m  t h e  c o n n e c t o r s .  T h i s  
e l e c t r o d e  w i l l  m a r k  t h e  c e n t e r  o f  t h e  l i n e  o f  e l e c t r o d e s .  

3. Walk a w a y  f r o m  t h e  s p r e a d  c e n t e r  c a r r y i n g  o n e  s e t  o f  
e l e c t r o d e s  a n d  u n r e e l i n g  o n e  c a b l e  a t  t h e  same t i m e .  
C o n t i n u e  w a l k i n g  i n  a s t r a i g h t  l i n e  u n t i l  t h e  e n d  o f  t h e  
c a b l e  i s  r e a c h e d  o r  u n t i l  s u f f i c i e n t  e l e c t r o d e  p o s i t i o n s  
h a v e  b e e n  p a s s e d .  

4 .  P l a c e  t h e  o u t e r m o s t  e l e c t r o d e  i n t o  t h e  g r o u n d  and c o n n e c t  i t  
t o  t h e  c a b l e .  R e t u r n  t o  t h e  c e n t e r  o f  t h e  s p r e a d  c o n n e c t i n g  
t h e  r e m a i n i n g  e l e c t r o d e s  t o  t h e  c a b l e .  If i t  i s  n o t  
p o s s i b l e  t o  p o s i t i o n  a n  e l e c t r o d e  e x a c t l y  a t  t h e  c a b l e  
t a k e o u t ,  i t  c a n  b e  p o s i t i o n e d  n e a r b y  a n d  c o n n e c t e d  t o  t h e  
c a b l e  u s i n g  o n e  o f  t h e  e x t e n s i o n  l e a d s  p r o v i d e d .  

5 .  L a y  o u t  t h e  s e c o n d  c a b l e  i n  t h e  o p p o s i t e  d i r e c t i o n  in t h e  
same way. 

6 .  C o n n e c t  t h e  t w o  BOSS-128 c a b l e s  a n d  r e s i s t a n c e  m e a s u r i n g  
i n s t r u m e n t  t o  t h e  s w i t c h  b o x .  

7. C o n n e c t  t h e  c e n t e r  e l e c t r o d e  t o  t h e  s w i t c h  b o x  u s i n g  t h e  
c o n n e c t i n g  c a b l e  p r o v i d e d .  

8 .  R e c o r d  t h e  r e s i s t a n c e  m e a s u r e m e n t s  a s  d e s c r i b e d  b e l o w .  

9 .  On c o m p l e t i o n  o f  t h e  m e a s u r e m e n t s  d i s c o n n e c t  t h e  e l e c t r o d e s  
a n d  w i n d  i n  t h e  c a b l e .  Do NOT d r a g  t h e  c a b l e  a l o n g  t h e  
g r o u n d  b u t  WIND AS YOU WALK. 

P a g e  1 1  



CARE OF THE CABLE  

T h e  m u l t i c o n d u c t o r  r e s i s t i v i t y  c a b l e  d o e s  n o t  h a v e  a s t r a i n  
b e a r i n g  c o r e  a n d  for t h i s  r e a s o n  s h o u l d  n o t  b e  s u b j e c t e d  t o  h i g h  
s t r e s s .  T o  i n c r e a s e  t h e  l i f e  o f  t h e  c a b l e ,  1 6  s h o u l d  n o t  b e  
d r a g g e d  a l o n g  t h e  g r o u n d  b u t  s h o u l d  b e  wound o n t o  t h e  drum w h i l e  
w a l k i n g .  

CABLE DAMAGE 

I f  o n e  o f  t h e  c o r e s  b r e a k s  d u r i n g  a s u r v e y  a s p a r e  s i n g l e  c o r e  
c a b l e  may b e  c o n n e c t e d  b e t w e e n  t h e  u n c o n n e c t e d  e l e c t r o d e  a n d  t h e  
a p p r o p r i a t e  s o c k e t  on t h e  s w i t c h  box f o r  t h a t  p s s i t i o n  o f  tRe 
SPACING s w i t c h .  For e x a m p l e ,  if n u m b e r  5 o f  t h e  f i v e  e l e c t r o d e s  
i n  u s e  a t  s w i t c h  p o s i t i o n  2 i s  u n c o n n e c t e d ,  a s e p a r a t e  s i n g l e  
c o r e  c a b l e  i s  r u n  f r o m  s o c k e t  n u m b e r  5 t o  t h e  a p p r o p r i a t e  
e l e c t r o d e  a n d  t h e  m e a s u r e m e n t s  m a d e .  When t h e  SPACING s w i t c h  i s  
c h a n g e d  t o  3, t h e  c a b l e  s h o u l d  t h e n  b e  c o n n e c t e d  t o  s o c k e t  4 a s  
t h e  u n c o n n e c t e d  e l e c t r o d e  w i l l  now h a v e  c h a n g e d  r o l e s  a n d  b e  
f o u r t h  in o r d e r .  T h e  s p a r e  c a b l e  s h o u l d  b e  d i s c o n n e c t e d  for all 
o t h e r  p o s i t i o n s  o f  t h e  SPACING s w i t c h .  

EXTENDING THE ELECTRODE LINE 

F u r t h e r  m e a s u r e m e n t s  may be o b t a i n e d  b y  p l a c i n g  e % e s t r o d e s  a t  a 
d i s t a n c e  o f  256m from t h e  c e n t e r  a l o n g  t h e  l i n e  o f  e l e c t r o d e s .  
U s i n g  s p a r e  s i n g l e  c o r e  c a b l e  t h e s e  a r e  t h e n  c o n n e c t e d  t o  
s o c k e t s  l a b l e d  1281x1 on t h e  s w i t c h  b o x .  T h e  SPACING s w i t c h  i s  
c h a n g e d  t o  p o s i t i o n  9 a n d  t h e  r e s i s t a n c e s  m e a s u r e d .  P o i n t s  on 
t h e  W e n n e r  a p p a r e n t  r e s i s t i v i t y  c u r v e  may t h e n  b e  c o m p u t e d  out 
t o  a s p a c i n g  o f  256m. 
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IV. MEASUREMENT PROCEDURES A N D  CALCULATIONS 

O f f s e t  Wenner  s o u n d i n g  i s  c o n v e n i e n t l y  c o n d u c t e d  u s i n g  a f i v e -  
e l e c t r o d e  a r r a y  ( F i g u r e  1 3 ) .  

B a s i c  A r r a y  

1 2 3 4 5 
v t v 1 v 
C P P C 
1 t 1 v 

? t 

F I G U R E  1 3 :  The two b a s i c  Wenner  m e a s u r e m e n t s ,  
R D ~  a n d  R D ~ ,  f r o m  t h e  f i v e - e l e c t r o d e  
a r r a y .  

In p r a c t i c e  t h i s  i s  no m o r e  d i f f i c u l t  t h a n  n o r m a l  s o u n d i n g ,  f o r  
t h e  a d d i t i o n a l  e l e c t r o d e  r e m a i n s  f i x e d  a t  t h e  c e n t e r  o f  t h e  
s p r e a d .  A s w i t c h i n g  d e v i c e  i s  u s e d  t o  c h a n g e  f r o m  o n e  a d j a c e n t  
s e t  o f  4 e l e c t r o d e s  t o  t h e  o t h e r .  Two r e s i s t a n c e s  a r e  o b t a i n e d  
w h i c h  a r e  a v e r a g e d  t o  p r o v i d e  t h e  O f f s e t  Wenner  r e s i s t a n c e ,  R D .  
I f  t h e  s p a c i n g  i s  i n c r e a s e d  a c c o r d i n g  t o  t h e  s e r i e s  A = 1 / 2 ,  1, 
2 ,  4 ,  8 ,  1 6 ,  32, a n d  64m, s o  t h a t  t h e  p o t e n t i a l  e l e c t r o d e  a l w a y s  
f a l l s  on t h e  p o s i t i o n  p r e v i o u s l y  o c c u p i e d  by a c u r r e n t  
e l e c t r o d e ,  8 h i g h  q u a l i t y  r e s i s t a n c e  m e a s u r e m e n t s  a r e  o b t a i n e d .  

A d d i t i o n a l  p o i n t s  o n  t h e  a p p a r e n t  r e s i s t i v i t y  c u r v e  a r e  o b t a i n e d  
b y  m e a s u r i n g  r e s i s t a n c e s  w i t h  v a r i o u s  a r r a n g e m e n t s  o f  t h e  f i v e  
e l e c t r o d e s  w h i l e  s t i l l  u s i n g  t h e  2" s p a c i n g  s e r i e s .  T h e  
e l e c t r o d e  a r r a n g e m e n t s  w h i c h  a l l o w  t h e  m e a s u r e m e n t  o f  RA, RB a n d  
R C  a r e  s h o w n  i n  F i g u r e  1 .  

T h e r e  a r e  v a r i o u s  ways i n  w h i c h  i n t e r m e d i a t e  Wenner  p o i n t s  may 
b e  c o m p u t e d  b u t  o n e  o f  t h e  m o s t  s a t i s f a c t o r y  i s  f o u n d  t o  be  by 
u s e  o f  t h e  r e l a t i o n s h i p  

U s i n g  t h i s  e q u a t i o n ,  Wenner  r e s i s t a n c e s  a r e  c o m p u t e d  f o r  s p a c -  
i n g s  1 . 5 ,  3 ,  6 ,  1 2 , .  2 4 ,  4 8 ,  a n d  96m. A f u r t h e r  r e s i s t a n c e  on  
t h e  W e n n e r  a p p a r e n t  r e s i s t i v i t y  c u r v e  may be  o b t a i n e d  f r o m  t h e  
r e l a t i o n s h i p  
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T h i s  e n a b l e s  a W e n n e r  r e s i s t a n c e  a t  1 2 8 m  t o  b e  c o m p u t e d  f r o m  
r e s i s t a n c e s  m e a s u r e d  a t  a s p a c i n g  o f  6 4 m .  I t  is t h e n  p o s s i b l e ,  
b y  o c c u p y i n g  o n l y  s p a c i n g s  1 / 2 ,  1 ,  2 ,  4 ,  8 ,  1 6 ,  3 2  a n d  641x1, t o  
measure s u f f i c i e n t  r e s i s t a n c e s  t o  e n a b l e  t h e  c o n s t r u c t i o n  o f  a 
1 6  p o i n t  W e n n e r  a p p a r e n t  r e s i s t i v i t y  c u r v e .  

T h e  b a s i c  e l e c t r o d e  a r r a n g e m e n t  c o n s i s t s  o f  f i v e  e q u a l l y  s p a c e d  
e l e c t r o d e s  as  s h o w n  i n  F i g u r e  13, t h e  t h i r d  e l e c t r o d e  b e i n g  a t .  
& h e  c e n t e r  o f  t h e  a r r a y .  T h e  s p a c i n g ,  A ,  b e t w e e n  e l e c t r o d e s  I s  
d e t e r m i n e d  by ' t h e  SPACING s w i t c h  as f o l l o w s :  

SPACING s w i t c h  1 2 3 4 5  6 7 a 
p o s i t i o n  

e l e c t r o d e  s p a c i n g  1 / 2  1 2 4 8 1 6  3 2  6 4  
i n  meters  

T h e  CONFIGURATION s w i t c h  d e t e r m i n e s  t h e  a r r a n g e m e n t  o f  t h e  four 
e l e c t r o d e s  u s e d  i n  a n y  o n e  m e a s u r e m e n t  as  f o l l o w s :  

CONFIGURATION e l e c t r o d e s  m e a s u r e d  
s w i t c h  1 2 3 4 5  r e s i s t a n c e  

C P - P C  RA 

RC 

A 

C C P - C P  

DL C P P C -  R D  1 

- C P P C  R D 2  D 2  

%I B c c - P I ?  

T h e  PBTENTXAE REVERSE s w i t c h  e n a b l e s  t h e  r o l e s  of t h e  p o t e n t i a l  
e l e c t r o d e s  t o  b e  r e v e r s e d  i f  t h i s  is n e c e s s a r y  f o r  t h e  c o r r e c t  
f u n c t i o n i n g  o f  t h e  r e s i s t a n c e  m e a s u r i n g  a p p a r a t u s .  

F o r  e a c h  p o s i t i o n  o f  t h e  SPACING s w i t c h  r e s i s t a n c e  m e a s u r e m e n t s  
a r e  m a d e ' w i t h  e a c h  o f  t h e  CONFIGURATION s w i t c h  p o s i t i o n s  A ,  C ,  
D1, D 2 ,  B. A c h e c k  o n  t h e  r e l i a b i l i t y  o f  t h e  r e s u l t s  i s  g i v e n  
b y  t h e  r e l a t i o n s h i p :  

w h i c h  m u s t  b e  s a t i s f i e d  w i t h i n  o b s e r v a t i o n a l  e r r o r  ( s a y  3 - 5%)  
f o r  a n y  s u b s u r f a c e  g e o l o g y  a n d  a n y  s p a c i n g .  H i g h  o b s e r v e d  
e r r o r s  w i l l  i n d i c a t e  a f a u l t  i n  t h e  s y s t e m  ( e . g .  i n s t r u m e n t  
f a u l t ,  h i g h  c o n t a c t  r e s i s t a n c e  a t  e l e c t r o d e s ,  d a m a g e d  c a b l e s ,  
e t c . , )  a n d  t h e  s o u r c e  o f  e r r o r  s h o u l d  be s o u g h t  if d i f f e r e n c e s  
of m o r e  t h a n  5 %  a r e  r e c o r d e d .  T h i s  ' t r i p o t e n t i a l '  f i e l d  c h e c k  
i s  d e s c r i b e d  i n  more d e t a i l  b y  C a r p e n t e r  a n d  H a b b e r j a m  
( G e o p h y s i c s  V. 2 4 ,  1 9 5 6 ,  p .  4 5 5 ) .  
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Under most c o n d i t i o n s  the observed r e s i s t a n c e s  w i l l  have magni- 
tudes  varying i n  the f o l l o w i n g  way: 

The speed a t  w h i c h  readings  a r e  taken can be i n c r e a s e d  by  c o n -  
d u c t i n g  the measurements i n  t h i s  o r d e r .  A l t e r n a t i v e l y ,  t o  avoid 
unnecessary  Instrument s c a l e  changes ,  a l l  measurements o f  RB 
c o u l d  be l e f t  u n t i l  the  measurement o f  the  o t h e r  r e s i s t a n c e s  has 
been completed f o r  a l l  s p a c i n g s .  

I f  an  instrument  o f  such low power is used t h a t  t h e  s m a l l e r  
r e s i s t a n c e  of  Rg I s  imposs ib le  t o  measure,  t h e s e  va lues  may be 
o b t a i n e d  f r o m  the d i f f e r e n c e  between RA and Rc. 

C A L C U L A T I O N  OF THE WENNER R E S I S T A N C E S  

I t  can be seen t h a t  o n l y  p o s i t i o n s  D l  and D 2  o f  the  
CONFIGURATION swi tch  enable  the  measurement o f  t r u e  Wenner 
r e s i s t a n c e s .  A n  average o f  R D ~  and R D ~  P R O V I D E S  A Wenner 
r e s i s t a n c e  ( O f f s e t  Wenner r e s i s t a n c e )  i n  which the  e f f e c t s  o f  
n e a r  s u r f a c e  l a t e r a l  r e s i s t i v i t y  v a r i a t i o n s  a r e  g r e a t l y  
reduced.  O f f s e t  Wenner r e s i s t a n c e s  a r e  measured a t  s p a c i n g s  
1 / 2 ,  1 ,  2 ,  4 ,  8 ,  1 6 ,  3 2 ,  and 6 4 m .  A smooth apparent  r e s i s t i v i t y  
c u r v e  may be q u i c k l y  p l o t t e d  i n  the f i e l d  i f  t h e s e  r e s i s t a n c e s  
o n l y  a r e  used. T h i s  curve I s  o f t e n  o f  such h i g h  q u a l i t y  t h a t  
f u r t h e r  r e s i s t a n c e s  need n o t  be computed. 

However, Wenner r e s i s t a n c e s  a t  s p a c i n g s  1 1 / 2 ,  3 ,  6 ,  12, 24, 4 8  
and 9 6  m may be obta ined  w i t h  the  f o l l o w i n g  e q u a t i o n :  

where RB(A) is the  r e s i s t a n c e  measured w i t h  CONFIGURATION B a t  
s p a c i n g  A .  R D ( A )  is the  O f f s e t  Wenner r e s i s t a n c e  measured a t  
s p a c i n g ,  A. 

These  Wenner r e s i s t a n c e s  a r e  i n f  luenced by n e a r - s u r f a c e  l a t e r a l  
r e s i s t i v i t y  v a r i a t i o n s  t o  a s l i g h t l y  g r e a t e r  degree  than the  
O f f s e t  Wenner r e s i s t a n c e s  and i n  some c a s e s  where t h i s  e f f e c t  is 
p a r t i c u l a r l y  s t r o n g ,  p o i n t s  may sometimes l i e  o f f  the  smooth 
c u r v e  t h a t  i s  c h a r a c t e r i s t i c  o f  the  O f f s e t  Wenner apparent 
r e s i s t i v i t y  p l o t .  
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V .  ERROR CALCULATION 

The system o f  r e s i s t a n c e  measurements employed w i t h  the  BOSS 
O f f s e t  m u l t i c o r e  c a b l e s  e n a b l e s  the c a l c u l a t i o n  of e r r o r s  o f  
o b s e r v a t i o n  and an e s t i m a t i o n  o f  the e f f e c t s  o f  l a t e r a l  r e s i s -  
t i v i t y  v a r i a t i o n s .  

OBSERVATIONAL ERROR 

The e r r o r  o f  o b s e r v a t i o n ,  Eo i s  c a l c u l a t e d  f o r  each spac ing  from 
t h e  e x p r e s s i o n :  

This e r r o r  i n c l u d e s  a l l  t h e  smal l  random e f f e c t s  such a8 
o b s e r v e r  e r r o r  and ins t rument  e r r o r .  Expressed as a p e r c e n t a g e ,  
E o  w i l l  normally vary betwen +5 and -5 .  I f  Eo i s  c o n s i s t e n t l y  
o u t s i d e  these  l i m i t s ,  the  source  o f  the  e r r o r  should be sought .  
Instrument  m a l f u n c t i o n ,  l e a k a g e  o f  c u r r e n t  f r o m  damaged c a b l e s  
and h i g h  c o n t a c t  r e s i s t a n c e s  a t  the  e l e c t r o d e s  w i l l  o f t e n  cause  
h i g h  observed e r r o r e .  

O F F S E T  ERROR 

The o f f s e t  e r r o r ,  Ea i s  pure ly  a measure of the  e f f e c t s  o f  sub- 
s u r f a c e  l a t e r a l  r e s i s t v i t y  v a r i a t i o n s .  It  may be computed from 
t h e  e x p r e s s i o n :  

Values  o f  Ea g r e a t e r  than 2 0 %  i n d i c a t e  the  presence  of s t r o n g  
l a t e r a l  r e s i s t i v i t y  v a r i a t i o n s .  

LATERAL ERROR 

The l a t e r a l  e r r o r ,  E1 i s  a n o t h e r  measure o f  t h e  e f f e c t  o f  
l a t e r a l  r e s i s t i v i t y  v a r i a t i o n s  but w h i c h  employs in i t s  c a l c u l a -  
t i o n  r e s i s t a n c e s  measured a t  two d i f f e r e n t  s p a c i n g s .  
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I n  the  absence  o f  s t r o n g  l a t e r a l  r e s i s t i v i t y  e f f e c t s ,  the  magni- 
tude o f  E 1  w i l l  normally be l e s s  than 5 0 % .  

R . M . S .  E R R O R S  

A s i n g l e  root-mean-square ( R . M . S . )  va lue  f o r  each o f  the  e r r o r s  
may be c a l c u l a t e d  f o r  each sounding curve i n  the  f o l l o w i n g  way: 

R . M . S .  v a l u e s  o f  E a  and E 1  g r e a t e r  than 2 5 %  a n d  5 0 %  r e s p e c t i v e l y  
w i l l  i n d i c a t e  t h a t .  the  sounding curve is s t r o n g l y  i n f l u e n c e d  by 
l a t e r a l  r e s i s t i v i t y  e f f e c t s .  T h e  i n t e r p r e t a t i o n s  from t h e s e  
sounding curves  should be viewed w i t h  some c a r e .  
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V I .  FORMULAS FOR HAND CALCULATIONS AND FOR COMPUTER PROGRAMMING 

N 0 MEN CLATURE 

T o  d i s t i n q u i s h  b e t w e e n  t h e  raw f i e l d  d a t a  a n d  t h e  c o r r e c t e d  o r  
a d j u s t e d  d a t a ,  we w i l l  u s e  t h e  n o m e n c l a t u r e :  

F i e l d  r e a d i n g s ,  
r e s i s t a n c e  

PA 

A d j u s t e d  r e a d i n g s ,  
r e s i s t a n c e  

RA 

PC RC 

PD1 RD 1 

PD2 RD 2 

P B  RB 

T h e  s y m b o l  "RW" w i l l  d e s i g n a t e  t h e  W e n n e r  r e s i s t a n c e .  When 
m u l t i p l i e d  b,y t h e  s p a c i n g  f a c t o r ,  2 T A ,  i t  y i e l d s  t h e  W e n n e r  
a pp a r e n  t res  i s t i v i  t y , "RWA" . 

REDUCTION OF, F I E L D  READINGS TO R E S I S T A N C E S  

F o r  e v e r y  p a i r  o f  r e a d i n g s  o f  v o l t a g e  V a n d  c u r r e n t  I ,  we c o n -  
v e r t  t o  r e s i s t a n c e  u s i n g :  

p V ( m i l l i v o 1 t s )  o r  = V ( v o 1 t s )  
I ( m i l 1 i a m p e r e s )  I ( a m p e r e s )  

F o r  e x a m p l e ,  i f  V = 4 1 0  mv a n d  I * 10 ma f o r  e l e c t r o d e  c o n -  
f i g u r a t i o n  " 6 "  a t  s p a c i n g  A = 1 m e t e r ,  t h e n :  

PC = 4 1 . 0  o h m s  

f o r  t h i s  A v a l u e .  

S o m e  r e s i s t i v i t y  i n s t r u m e n t s  s u c h  as t h e  Bison M o d e l  2 3 5 0  g i v e  a 
d i r e c t  d i a l  r e a d i n g  o f  t h e  q u a n t i t y :  

2 Tr ( V / I ) .  

T h e  s i m p l e s t  a p p r o a c h  i s  t o  d i v i d e  e v e r y  r e a d i n g  b y  2lT, w h i c h  
i s  e a s i l y  p r o g r a m m e d  i n t o  t h e  c o m p u t e r .  
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A l t e r n a t i v e l y ,  t h e  c o m p u t a t i o n s  c a n  b e  c a r r i e d  t h r o u g h  u s i n g  t h e  
d i a l  r e a d i n g s ,  i n  w h i c h  c a s e  ( s e e  f i n a l  f o r m u l a  i n  S e c t i o n  V I )  
t h e  c o n v e r s i o n  t o  a p p a r e n t  r e s i s t i v i t y  w i l l  r e q u i r e  m u l t i p l i c a -  
t i o n  o n l y  by A r a t e r  t h a n  by 2 n A .  ( T h e  c o m p u t e d  e r r o r s  w i l l  b e  
p r o p o r t i o n a t e l y  t o o  h i g h  by  a f a c t o r  o f  2 v . )  

INCOMPLETE OR OUESTIONABLE DATA 

Data may b e  i n c o m p l e t e  or q u e s t i o n a b l e  f r o m  s e v e r a l  c a u s e s .  
E a c h  m u s t  b e  h a n d l e d  d i f f e r e n t l y .  

1 .  T h e  f i e l d  r e a d i n g s  may h a v e  b e e n  t e r m i n a t e d  w i t h  fewer t h a n  
t h e  f u l l  s e q u e n c e  o f  8 A - s p a c i n g s .  

C o m p u t a t i o n s  m u s t  t h e n  b e  c a r r i e d  o u t  for only as  many 
r e a d i n g s  as a r e  a v a i l a b l e .  I n  t h e  c o m p u t e r  p r o g r a m ,  t h e  
i n p u t ,  v a l u e  N w i l l  b e  a n u m b e r  smal ler  t h a n  8 .  F o r  example ,  
i f  t h e  r e a d i n g s  were t e r m i n a t e d  a t  A = 16  m e t e r s ,  t h e n  N = 6 
a n d  t h e  r e a d i n g s  w i l l  b e  a v a i l a b l e  f o r :  

A = 1 1 2 ,  1, 2 ,  4 ,  8 ,  1 6  meters  

2. I n  g e n e r a l ,  i f  a r e a d i n g  i s  q u e s t i o n a b l e ,  t h e  s a f e s t  
a p p r o a c h  i s  t o  r u n  t h r o u g h  t h e  c a l c u l a t i o n s  twice  a n d  com- 
p a r e  r e s u l t s .  

T h e  f i r s t  r u n  w i l l  i n c l u d e  t h e  q u e s t i o n a b l e  r e a d i n g .  T h e  
s e c o n d  r u n  w i l l  o m i t  t h e  q u e s t i o n a b l e  r e a d i n g ,  as i f  i t  were 
u n a v a i l a b l e .  

It w i l l  b e  n o t e d  f r o m  t h e  c o m p u t a t i o n  f o r m u l a s  t h a t  t h e  
i n t e r p o l a t e d  v a l u e s  f o r  s p a c % w g  " 3 A "  r e q u i r e  f i e l d  r e a d i n g s  
for s p a c i n g  " A " ,  " 2 A * ' ,  a n d  "4A'*. T h u s  a n  e r r o r  or u n c e r -  
t a i n l y  i n  a n y  o n e  o f  t h e s e  w i l l  b e  p r o p a g a t e d  i n t o  t h e  
i n t e r p o l a t e d  v a l u e s .  

3 .  One  or more f i e l d  r e a d i n g s  o f  P B  ( t h e  r e s i s t a n c e  v a l u e  t a k e n  
w i t h  e l e c t r o d e  c o n f i g u r a t i o n  "B") may b e  u n a v a i l a b l e .  

T h i s  w i l l  s o m e t i m e s  h a p p e n  b e c a u s e  P B  is u s u a l l y  a smal l  
q u a n t i t y .  

P B  c a n  b e  c a l c u l a t e d  f r o m  r e a d i n g s  taken  w i t h  e l e c t r o d e  c o n -  
f i g u r a t i o n s  " A "  a n d  " C " ,  u s i n g :  

P B  f PA - PC, 
b u t  t h i s  w i l l  e l i m i n a t e  t h e  c r o s s  c h e c k  w h i c h  i s  n o r m a l l y  
a v a i l a b l e  f rom i n d e p e n d e n t  m e a s u r e m e n t s  T h e  " e r r o r  o f  
o b s e r v a t i o n "  w i l l  b e  m i s l e a d i n g  c o m p u t e d  a s  0 . 0  f o r  t h i s  
e l e c t r o d e  s p a c i n g .  
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4. A f i e l d  r e a d i n g  o f  e i t h e r  P D 1  o r  P D 2  may b e  u n a v a i l a b l e .  

I n  t h e  a b s e n c e  o f  l a t e r a l  r e s i s t i v i t y  v a r i a t i o n s ,  t h e s e  two 
q u a n t i t i e s  s h o u l d  b e  e q u a l .  T h u s  we c a n  s e t  t h e  m i s s i n g  
v a l u e  e q u a l  t o  t h e  a v a i l a b l e  v a l u e .  F o r  example ,  i f  PD1 i s  
u n a v a i l a b l e ,  s e t :  

PD1 = PD2.  

T h e  " o f f s e t  e r r o r "  w i l l  b e  m i s l e a d i n g l y  c o m p u t e d  as  0 . 0  f o r  
t h i s  e l e c t r o d e  s p a c i n g .  

5 .  A f i e l d  r e a d i n g  o f  PA o r  P C  may b e  u n a v a i l a b l e .  

T h i s  s h o u l d  n o t  b e  p e r m i t t e d  t o  h a p p e n  d u r i n g  t h e  f i e l d  
w o r k ,  s i n c e  t h e  r e a d i n g s  t e n d  t o  b e  l a r g e  a n d  e a s y  t o  
m e a s u r e .  

I f  i t  d o e s  h a p p e n ,  t h e n  t h e  c o m p u t a t i o n  s e q u e n c e  s h o u l d  b e  
t e r m i n a t e d  a t  t h e  p r e v i o u s  e l e c t r o d e  s p a c i n g .  F o r  e x a m p l e ,  
i f  PA is u n a v a i l a b l e  f o r  A = 32  m e t e r s ,  t h e  c o m p u t a t i o n s  
s h o u l d  b e  c a r r i e d  o u t  o n l y  f o r  N * 6 u s i n g :  

T h e  r e m i n a i n g  v a l u e s  o f  Wenner r e s i s t a n c e  c a n  b e  c a l c u l a t e d  
m a n u a l l y  u s i n g :  

RW(A) = 1 / 2  ( P D 1  ( A )  f PD2 (A)) 

f o r  ( i n  t h e  p r e s e n t  e x a m p l e )  

A = 3 2 ,  6 4  m e t e r s  

6 .  I n  t h e  c o m p u t e r  p r o g r a m  w h i c h  f o l l o w s ,  t h e  e x i s t e n c e  o f  a n  
u n a v a i l a b l e  r e a d i n g  i s  i n d i c a t e d  b y  e n t e r i n g  some n e g a t i v e  
n u m b e r ,  f o r  e x a m p l e  -1 .0 .  
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REDISTRIBUTION O F  E R R O R S  

F o r  p e r f e c t  d a t a ,  t h e  f o l l o w i n g  c o n d i t i o n  w o u l d  b e  s a t i s f i e l d :  

P B  = PA - PC. 

A f a i l u r e  t o  s a t i s f y  t h i s  c o n d i t i o n  l e a d s  t o  a n  “ e r r o r  o f  
o b s e r v a t l o n .  ” 

The e r r o r  c a n ’ b e  r e d i s t r i b u t e d  a m o u n g  t h e  t h r e e  r e a d i n g s  by the 
f o l l o w i n g  s t e p s :  

E = PA - PB - PC 

EE = PA + PB + PC 

R A  = PA x ( 1  - E / E E )  
RB = PB x (1 + E / E E )  

RC = PC x (1 + E / E E )  

COMPUTATION FORMULAS FOR WENNER RESISTANCE 

We c o m p u t e  W e n n e r  r e s i s t a n c e  by  t h e  f o l l o w i n g  f o r m u l a s :  

RW (A) = 1/2 (PDl(A) + P D 2 ( A ) )  

f o r  A = l l 2 ,  1 ,  2, 4 ,  8 ,  16, 32, 6 4 *  

R W  ( 2 8 )  2 (RC(A) - WW(A)) 
f o r  A = 6 4 *  

or 2 A  = 1 2 8  

RW (3A) = 1/2RW(2A) + RB(2A) - RB(A) + 1/2RW(4A) 

f o r  A = l / 2 ,  1 ,  2 ,  4 ,  8 ,  16, 32** 

o r  3 A  = 1 1 / 2 ,  3,  6 ,  1 2 ,  2 4 ,  4 8 ,  9 6  

* I f  t h e  n u m b e r  o f  r e a d i n g s ,  N, i s  d i f f e r e n t  from 8 ,  
t h e  f i n a l  v a l u e  i s  2 N - 2 b  

* * T h e  f i n a l  v a l u e  is 2N-3- 
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C O M P U T A T I O N  F O R M U L A S  F O R  E R R O R S  

O b s e r v a t i o n a l  e r r o r  

P A  - P B  - P C  
E =  P A  x 1 0 0  p e r c e n t  

O f f s e t  e r r o r  

P D l  - P D 2  
H = 2 P D l  + P D 2  x 1 0 0  p e r c e n t  

L a t e r a L  e r r o r  

R W ( 2 A )  - 2 R C ( A )  - 2 R W ( A )  
E L ( A )  = RW( 2 A )  x 100  p e r c e n t  

RMS e r r o r  over a l l  r e a d i n g s ,  f o r  a n y  of the  above 

1 N 
ERMS = ( E 2 ) 1 / 2  

C O M P U T A T I O N  OF A P P A R E N T  R E S I S T I V I T Y  

RWA ( A )  = 2 T A  RW(A) 
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V I I .  COMPUTER P R O G R A M  FOR R E S I S T I V I T Y  CALCULATIONS AND ERROR ANALYSIS 

D E S C R I P T I O N  

T h e  F o r t r a n  p r o g r a m  w h i c h  is g i v e n  b e l o w  e n a b l e s  t h e  r a p i d  
c a l c u l a t i o n  of Wenner r e s i s t i v i t i e s  a n d  a s s o c i a t e d  e r r o r s  
T h e  d a t a  p r o c e s s i n g  p r o c e e d s  t h r o u g h  t h e  f o l l o w i n g  s t e p s :  

1. O b s e r v e d  r e s i s t a n c e s  a r e  r e a d  i n  a s  d e s c r i b e d  u n d e r  
' I N P U T '  b e l o w .  

2 .  Any o b s e r v e d  e r r o r s  w i l l  b e  d i s t r i b u t e d  b e t w e e n  R A ,  
Rg a n d  RC s o  t h a t  t h e  t h e o r e t i c a l  r e l a t i o n s h i p  R A  = 
R g  + R C  i s  t h e n  s a t i s f i e d .  

3 .  Eo, E ,  A N D  E1 a r e  c o m p u t e d .  
4 .  R.M.S .  e r r o r s  a r e  c o m p u t e d .  
5 .  W e n n e r  r e s i s t i v i t i e s  a r e  c o m p u t e d .  
6 .  R e s i s t a n c e s ,  e r r o r s  a n d  W e n n e r  r e s i s t i v i t i e s  a r e  p r i n t e d .  

INPUT 

I n p u t  F o r m a t s :  

C a r d  o r  L i n e  1 Number  o f  e l e c t r o d e  s p a c i n g s ,  N, u n f o r m a t t e d .  
( I f  f i e l d  r e a d i n g s  h a v e  b e e n  p r e - m u l t i p l i e d  
b y  2 , e n t e r  t h i s  n u m b e r  a s  a n e g a t i v e  
q u a n t i t y ) .  

C a r d  o r  L i n e  2 I d e n t i f i c a t i o n  name f o r  s o u n d i n g ,  up t o  L O  
l e t t e r s  o r  n u m b e r s .  

C a r d  o r  L i n e  3A F i e l d  r e a d i n g s  R A ( 1 ) ,  RC(l), RD1(1), R D 2 ( % ) ,  
RB(% 1 ,  u w f o r m a t t e d  b u t  s e p a r a t e d  b y  commas 
These a r e  t h e  d a t a  t a k e n  a t  A ( 1 )  = 0 . 5  m e t e r .  

I f  a n y  f i e l d  r e a d i n g  h a s  b e e n  o m i t t e d  o r  i s  
u n a v a i l a b l e  f o r  s o m e  r e a s o n ,  e n t e r  a n y  
n e g a t i v e  n u m b e r ,  f o r  example - 1 . 0 ,  a t  i t s  
e n t r y  p o s i t i o n .  

C a r d  or L i n e  3 B  S a m e ,  for d a t a  t a k e n  at A ( 2 )  = 1.0 meter .  

C a r d  o r  L i n e  3 C  C o n t i n u e ,  f o r  r e m a i n i n g  f i e l d  r e a d i n g s .  

C a r d  o r  L i n e  3B . 
e t c .  

T h e  e n t i r e  i m p u t  s e q u e n c e  may b e  r e p e a t e d  w i t h  a d d i t i o n a l  s e t s  
o f  s o u n d i n g  d a t a .  

To t e r m i n a t e  t h e  s e q u e n c e ,  e n t e r  " 0 "  o n  a f i n a l  c a r d  o r  l i n e .  
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SAMPLE INPUT DATA I 
8 
STATION 14 
65.5,60.9,42.6,51.5,4.42 
38.6,36.3,25.7,29.7,2.36 
23.9,22.7,15.3,17.5,1.36 
16.8,15.6,11.,12.1,1.25 
13.3,12.5,8.5,9.6,0.773 
9 . 3 1 , 8 . 7 8 , 6 . 3 5 , 6 . 9 5 , 0 . 5 3  
5.03,4.68,3.75,3.97,0.325 
1.87,1.7,1.63,1.65, -142 
0 

SAMPLE OUTPUT DATA I 
OFFSET WENNER SOUNDING STATION 14 
N U M B E R  OF MEASUREMENTS = 8 I 
(A NEGATIVE VALUE DENOTES AN OMITTED READ1 

FIELD READINGS SUPPLIED AS INPUTS. 

SPACING PA PC PDL PB2 I P B  

.5 
1.0 
2.0 
4.0 
8.0 

16.0 
32.0 
64.0 

65.500 60.900 42.600 51.500 
38.600 36.300 25.700 29.700 
23.900 22.700 15.300 17.500 
16.800 15.600 11.000 12.100 
13.300 12.500 8.500 9.600 
9.310 8.780 6.350 6.950 
5.030 4.680 3.750 3.970 
1.870 1.700 1.630 1.650 

4.420 
2.360 
1.360 
1.250 
.a73 
,530 
e325 
.142 

I 
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S A M P L E  OUTPUT DATA ( C O N ' T )  

S P A C I N G  A D J U S T E D  R E S I S T A N C E  DATA ------ WENNER-- - - - - -  
R A  RB RC W E N N E R l  WENNER2 O F F S E T  R E S I S T I V I T Y  

.5 65.410 
1.0 38.630 
1.5 
2.0 23.980 
3 .0  
4 . 0  16.825 
6 .0  
8 .0  13.286 

12 .0  
16 .0  9.310 
24 .0  
32 .0  5.017 
48 .0  
64.0  1.856 
96.0  

128.0 

4.426 60.984 42.600 51.500 47.050 
2.358 36.272 25.700 29.700 27.700 

1.355 22.624 15.300 17.500 16.400 

1.248 15.577 11.000 12.100 11.550 

,774 12.513 8.500 9.600 9.050 

530 8,780 6.350 6,950 6.650 

.326 4.692 3.750 3.970 3.860 

.143 1.713 1.630 1.650 1.640 

147 .81  
174.04 
188.33 
206.09 
244 52 
290.28 
384.25 
454.90 
556.11 
668.53 
755.67 
776.10 
767.80 
659.48 
428.31 
117 - 1 4  

e 5  
1.0 
1. 
2.0 
3.0 
4.0  
6 .0  
8 .0  

12.0 
16.0 
24 .0  
32.0 
48.0 
64,O 
96.0 

.275 
-.I55 

-,667 

-.297 

.203 

0 

,498 

1.509 

-18.916 
-14,440 

-13.415 -4.878 

- 9.524 -9.091 

-12.155 10.497 

- 9.023 -3.759 

- 5.699 -10.363 

- 1.220 ,000 

R . M . S .  O B S E R V A T I O N A L  ERROR = .63 

R . M . S .  O F F S E T  WENNER D I F F E R E N C E  = 1 1 . 7 3  

R . M . S .  L A T E R A L  D I F F E R E N C E  = 6.50 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PROGRAM BARKER (INPUT, OUTPUT, TAPE5, TAPE6-OUTPUT) 
DIMENSION P A ( 2 0 ) , p C ( 2 0 ) , p D 1 ( 2 0 ) , p D ~ ( 2 0 ) , R A ( 2 o ) , R C ( 2 o ) ,  

1 RD1(20),RD2(20),RB(20),A(20),RWA(20),E(20~,H(2~~,EL~20) 

ORIGINAL PROGRAM BY R.D. BARKER, UNIVERSITY OF BIRMINGHAM. 
PROGRAM MODIFIED BY H.M. MOONEY, UNIVERSITY OF MINNESOTA. 

SPECIFY THE NUMBER OF ELECTRODE SPACINGS AT WHICH MEASUREMENTS 
WERE TAKEN. FOR MAXIMUM SPACING OF 64 METERS, N=8; FOR 
MAXIMUM SPACING OF 128 METERS, N=9. TO TERMINATE RUN,ENTER "0". 

(IF FIELD READINGS HAVE BEEN PRE-MULTIPLIED BY 2*PI, ENTER N 
A S  A NEGATIVE VALUE). 

LO READ ( 5 , * )  ,N 
IF (N .EQ .O)STOP 

NN =N 
N=ABS(N) 

C 

C ENTER AN IDENTIFICATION NAME FOR THE SOUNDING. 
C 

READ (5,20),TITLE 

WRITE(6,210),TITLE,N 
20 FORMAT(Al0) 

C ENTER THE FIELD READINGS, SEPARATED BY COMMAS, ONE LINE FOR 
C EACH ELECTRODE SPACING VALUE IN THE SEQUENCE RA, RC, RD1, RD2 , RB 
C IF A READING IS NOT AVAILABLE, ENTER ANY NEGATIVE NUMBER SUCH 
C AS -1.0 IN ITS PLACE. 
C 

DO 30 I=l,N 
READ (5,*)PA(I),PC(I),PDl(I),PD2(I),PB(I) 

30 CONTINUE 
C 

WRITE (6,220) 
AA = 0.25 
DO 40 I=l,N 
AA = AA*2. 
WRITE (6,240), AA,  PA(I), PC(I), PDl(I), PD2(I), PB(1) 

40 CONTINUE 
C 
C IF FIELD READINGS HAVE BEEN PRE-MULTIPLIED BY 2*PI, DIVIDE IT OUT. 
C 

PI = 3.14159257 
IF (NN.GT.0) GO TO 50 
TEMP = l./2./PI 
DO 50 I=l,N 

PC(1) = PC(1) * TEMP 
PDl(1) = PDl(1) * TEMP 
PD2(I) = PD2(I) * TEMP 
PB(1) = PB(1) * TEMP 

PA(I) = PA(I) * TEMP- 

5 0  CONTINUE 
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c 
C CHECK FOR OMITTED PA OR PC READINGS. 
C 

DO 60 I=l,N 
IF(PA(I).GT.O. .AND. PC(I).GT.O.) GO TO 60 
N 1-1 
GO TO 70 

60 CONTINUE 
9 0  CONTINUE 

e 
C CHECK FOR OMITTED PD1 OR PD2 READINGS. 
C 

DO 80 I=1,N 
IF(PDl(T).LT.O.) PDl(1) = PD2(I) 
IF(PD2(I).LT.O.) PD2(I) = PDl(1) 

8 0  CONTINUE 
C 
C CHECK FOR OMITTED PB READINGS. 
C 

DO 9QI=l,N 
IF(PB(I).LT.O.) P B ( 1 )  = PA(1) - PC(1) 

9 0  CONTINUE 
C 
C COMPUTE SEQUENCE OF ELECTRODE SPACINGS. 
C 

A(1) = O .  5 
A(2)=1.0 
A(3 9 =I. 5 
DO 100 1=2,10 

A(I*2+1)=A(I*2-1)*2. 
A (  1*2 9 = A (  1*2-2 )*2. 

100 CONTINUE 
C 
6 CQMPUTE AND REDISTRIBUTE THE ERRQR VALUES. 
c 

EEE=O. 
HHH-8. 

DO 110 P=I,N 
NN=N-~ 

E(I)=PA(I)-PB(I)-PC(I) 
EE=ABS(PA(I))+ABS(PB(I))+ABS(PC(I)) 
RA(I)=PA(I)-E(x)*PA(I)/EE 
RB(I)=PB(I)+E(I)*PB(I)/EE 
RC(I)=PC(I)+E(I)*PC(I)/EE 
KDl(I)=(PDl(I>+PD2(1))/2. 

H(I>=(PDl(I)-PD2(1))*1O~./RDl(I) 
RD2(I)=RC(I)-RD%(I) ~ 

E(I)=E(I)*1OOe/KA(%) 
EEE=EEE+E(I)*E(I) 
HHH=HHH+H( I)*H( I) 

FN=N 
110 CONTINUE 

EEE=SQRT(EEE/FN) 
HHH=SQRT(HHH/FN) 
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C 
C COMPUTE WENNER APPARENT RESISTIVITY VALUES. 
C 

RWA( 1 )=RDl(l ) 
DO 120 1-2," 
RWA(If2-2)=RD1(1) 
RWA(I*2-1)~RDl(l)/~.+RB(I)-RB(I~1)+RDl(I+1)/~. 

RWA( N*2-2)=RDl(N) 
RWA(N*2-1)=RDl(N)/2.+RB(N)-RB(N-l)+RD2(N) 
RWA( N*2 ) =RD2( N)*2. 
ELL-0. 
DO 130 I--l,NN 
EL(I)=(RDl(I+l) - 2.*(PC(I)-RDl(I)))*lOO./RDl(I+1) 
ELL=ELL+EL(I)*EL(I) 

120 CONTINUE 

130 CONTINUE 

EL(N)=O. 
M=N*2 
DO 140 I=l,M 
RWA(I)=2.*PI*A(I)*RWA(I) 

ELL=SQRT(ELL/FN) 

140 CONTINUE 
C 
C PRINT OUT RESULTS. 
C 

WRITE(6,230) 
WRITE(6,240) A ( 1 > , R A ( 1 ~ , R B ( 1 ) , R C ( 1 ) , P D 1 ( L ) , P D 2 ( 1 ) ,  

1 RDl(1) ,RWA(1) 
DO 150 I=2,N 
WRITE(6,240),A(r*2-2),R~(~),RC(I),~Dl(I),PD2(1), 

WRITE(6,250),A(I*2-1),RWA(I*2-1) 

WRITE(6,250),A(M),RWA(M) 
WRITE(6,260) 
WRITE( 6,240) ,A( 1 ) ,E( 1 ) ,H( 1) 
DO 150 I=2,N 
W R I T E ( 6 , 2 4 0 ) , A ( I * 2 - 2 ) , E ( I ) , E L ( Z - 1 )  
WRZTE(6,250),A(I*2-1) 

WRITE(6,270),EEE 
WRITE(6,280),HHH 
WRITE(6,290),ELL 

GO TO 10 

f 

1 RDl(I),RWA(I*2-2) 

150 CONTINUE 

160 CONTINUE 

C 
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C 
210 

2 2 0  

2 3 0  

240 
2 5 0  
2 6 0  

2 7 0  
2 80 
290 

FORMAT(//,2ZHOFFSET WENNER SOUNDING ,TX,A1O,//, 

FORMAT( / / ,  2X, 34HFIELD READINGS SUPPLIED AS INPUTS , / ,  
1 24HNUMBER OF MEASUREMENTS = , f a , / >  
i 5x, 4 6 H ( A  NEGATIVE VALUE DENOTES AN OMITTED READING.) , / / ,  
1 2 X , 7 H S P A C I N G , 3 X , 2 M P A , 9 X , 2 H g C , 7 X , 3 H P D L , 6 X , 3 H P D 2 , 6 X , 2 H P B , / )  

1 21X,20H - - - W E N N E R  - - - - , 
1/L2X,2HRA,7X,2HRB,7X,2HRC,4X97HWENNERL,2X, 
17HWENNER2,3X,6HOFFSET,2X,llHRESISTIVITY,/) 

FORMAT(//lX,7HSPACING,2X,24HADJUSTED RESISTANCE DATA, 

FORMAT(lX,F6.1,6F9.3,F9.2) 
FORMAT(lX,F6.1,54X,F9.2) 
FORMAT(///,2X,7HSPACING,9X,6HERRORS,/,9X,8HOBSERVED, 

F0RMAT(///,5X,28HReM.S. OBSERVATIONAL ERROR = ,F6.2) 
F0RMAT(//,5X,33HReM.S. OFFSET WENNER DIFFERENCE SZ,F6.2) 

E N D  

12X,6HOFFSET,2X,7HLATEUAL,/) 

F O R M A T ( / / , ~ X , ~ ~ H R . M . S .  LATERAL DIFFERENCE 1 ~ ~ 6 . 2 )  

P a g e  30 
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I .  GENERAL DESCRIPTION 

The Bison Model 2390 Earth R e s i s t i v i t y  System introduces a new concept 
t o  earth  r e s i s t i v i t y  instrumentation. Building upon the pr inc ip le  of 
s i g n a l  enhancement which Bison pioneered i n  i t s  Engineering 
Seismographs, the 2390 achieves s u b s t a n t  t a l  tmprovements over conven- 
t i o n a l  earth  r e s i s t i v i t y  meters. Signal  enhancement y ie lds  increased 
s e n s i t i v i t y  and depth range combined w i t h  decreased power, s ize ,  and 
weight. T h i s  i s  accomplished by the summation of many small  s i g n a l s  
over a period o f  time. The time duration can be se lec ted  by the 
operator to s u i t  the operating conditions and s e n s i t l v l t y  require-  
ments. 

R e s t s t i v i t y  s igna l  enhancement u t i l t z e s  a system based upon conversion 
o f  the earth potent ia l  to a voltage-dependent frequency, followed by a 
precis ton counting and averagtng operation. 

The 2390 System operates w i t h  any of  the standard four-electrode o r  
three-electrode-plus-one-at-inf i n i  ty arrangements. These include 
Schlurnberger, Wenner, and the various di?ole and bipole con- 
f igura t tons. 

The 2390 System c o n s i s t s  of  a Transmitter  and a Receiver in separate  
consoles .  They ope r a t e  coherently using c a r e f u l  Ly synchronized wave- 
forms. The synchronization must i n i t i a l l y  be carr ied out w i t h  a cab le  
connection between the two u n i t s  b u t ,  once synchronized, the u n i t s  can 
be disconnected and operated a t  separate loca t tons .  T h i s  may prove 
e s p e c i a l l y  useful  with the dipole conf igurat tons ,  where the 
Transmitter  c a n  be placed a t  one dipole and the Receiver a t  t h e  other .  
In addit ion,  severa l  Receivers may be used with a s i n g l e  Transmit ter  
t o  obtain  f i e l d  data more rapidly.  

The 2390 Receiver  can be used separate ly  in an SP mode for  mineral 
explorat ion us ing  the s e l f - p o t e n t i a l  method. 
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I I e SPECIFICATIONS 

BISON IWDEL 2390-T TRANSMITTER: 

V o l t a g e  O u t p u t :  0 t o  SOOV (lOOOV p e a k - t o - p e a k ) ,  c o n t i n u o u s l y  and 
a u t o m a t i c a l l y  a d j u s t e d  t o  a c h i e v e  s e l e c t e d  c u r r e n t .  

C u r r e n t  O u t p u t :  P a n e l  s e l e c t a b l e  a t :  l O m A ,  2OmA, 50mA and 1OOmA. 

Power O u t p u t :  Up t o  50 watts,  d e p e n d e n t  on c u r r e n t  s e l e c t i o n .  

Power S u p p l y :  I n t e r n a l ,  r e c h a r g e a b l e ,  s e a l e d  l e a d  a c i d ,  1 2 V ,  5 amp 
h o u r  b a t t e r y .  E x t e r n a l  power s u p p l y  c o n n e c t o r  
p r o v  f ded . 

O p e r a t i n g  
Frequencies :  0 .1 ,  0 . 2 ,  0 . 3 3 ,  0 . 5 ,  I ,  2 ,  3 . 3 3 ,  5 Hz 

Ope ra  t i n g  P e r i o d  e q u a l s  t o t a l  time p e r  r e a d i n g ,  whereby o n e  
P e r i o d s :  r e a d i n g  e q u a l s  t e n  s a m p l e s  a v e r a g e d :  100, 50, 3 0 ,  2 0 ,  

10, 5 ,  3 ,  2 s e c o n d s ,  d e p e n d e n t  on selectable F r e q u c n -  
c i e s  l t s t e d  r e s p e c t  L v e l y .  

BISON HODEL 2390-R RECEIVER: 

Ope rat  i ng 
F r e q u e n c t e s :  

O p e r a t  Png 
Periods: 

Power S u p p l y :  

O u t p u t :  

Modes : 

T o t a l  Range: 

Rc so  l u  t t on : 

Precis ion: 

A c c 11 r A c y : 

Same as  2390-T T r a n s m i t t e r ,  p l u s  DC m e a s u r e r w n t s  i n  SY 
node 

Same ias 2390-T T r a n s m i t t e r .  

Two i n t e r n a l ,  r e c l i a r g e a b l e ,  6V N i C a d ,  1.5 amp hour 
b a t t e r i e s .  S y s t e m  w i l l  o p e r a t a  €rom e x t e r n a l  12VDC 
power s u p p l y .  

U n p r o c e s s e d  p o t e n t i a l  s i g n a l  t o  o p t i o n a l  r e c o r d e r .  

S c s i s t i v i t y  and : ; e l f  P o t t ? n t i . i l .  

Four rdrlges i n  3 11!2 d i g i t s :  1 9 9 9 ,  1 9 9 . 9 ,  1 9 . 9 9 ,  1 . 9 9 9  
m t l l t v o l t s .  

1% range s e t t i n g ;  5% E u l l  scalc. ( I O  microvolts) in 
inos t sens [ t Ive range. 
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III*INTRODUCTION TO ELECTRICAL RESISTIVITY AND SELF-POTENTIAL 
MEASUREMENTS 

I n  t h i s  sect ion,  we provide a b r i e f  survey of subsurface explora- 
t ion using e l e c t r i c a l  r e s i s t i v i t y  measurements. We include 
reference t o  the self-potential  method used i n  exploration for 
base metal deposits,  since the 2 3 9 0  Receiver can a lso  be used for 
that  purpose. 

T h i s  br ief  sect i o n  supplements the detailed description of the 
r e s i s t i v i t y  method gfvcn in a separate Bison publication: 

Handbook o f  Engfneering Geophysics 
Volume 2 :  E l e c t r i c a l  R e s i s t i v i t y  
Harold M. Mooney, 1980 ,  82  pages. 

That text  provides informatton on principles and applicatfons I,€ 
e l e c t r i c 3 1  r e s i s t i v i t y  and on interpretation of the f i e l d  
readings. A copy of  the volume accompanies each Model 2 3 9 0  
system. Additional copies may be purchased from Bison 
I ns t rumen t s . 

2. METHOD 

The e l e c t r i c a l  r e s i s t i v i t y  method provides means for Subsurface 
exploration by e l e c t r i c a l  measurements taken a t  the surface of the 
earth.  Figure 1 shows d typical r e s i s t i v i t y  array in Cross sec- 
t ion.  Four  electrodes a r e  pressed into the ground to a depth of 
several  centimeters,  a t  locations a few tens o r  hundreds of meters 
apart.  E l e c t r i c a l  current i s  caused to flow i n t o  the earth 
through two of these electrodes. The result ing voltage d r o p  
(potent ia l  difference)  produced by t h i s  current in the earth i s  
measured across a second pai r  o f  electrodes.  Since some earth 
materials are  better  conductors of e l e c t r i c i t y  than others,  the 
voltage drop w i l l  be affected d i f f e r e n t l y  by di f ferent  subsurface 
conditions. The tnterprctation o€  electr ical .  r e s i s t i v i t y  r e a d i n g s  
c o n s i s t s  i? deducing the subsurfdce conditions Erorn tile rne#isure- 
mrnts. 

C u r r o n t  F l o w  t h r o u g h  E a r t h  

FIGURE 1 
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3. PRI?JCIPLE OF RESISTIVITY EFFECTS 

The basis for  the success o f  the e l e c t r i c a l  r e s i s t i v i t y  method 
r e s t s  on the following properties. Earth materials are  good con- 
ductors o f  e l e c t r i c i t y  i n  proportion t o  their  content o f  ( a )  water 
o r  moisture, and (b) dissolved s a l t s  or f ree  ions. T h u s ,  massive 
rock formations such as granite or  limestone are poor conductors 
(show h i g h  e l e c t r i c a l  r e s i s t i v i t y )  because they contain very 
l i t t l e  moisture. Clean gravels and clean sands are a lso  pcor con- 
ductors (high r e s i s t i v i t y  materials) because, even when saturated 
w i t h  water, the water tends t o  be re lat ively  clean and free  l r o m  
dissolved ions. I f  the gravels o r  sands are d r y ,  then t h e f r  
r e s i s t i v i t y  w i l l  be higher s t i l l .  By contrast ,  moist clays and 
c lay s o i l s  contain both water and dissolved ions hence they are  
good e l e c t r i c a l  conductors (low r e s i s t i v i t y  materials).  Other 
earth  materials w i l l .  have t h e i r  own character is t ic  r e s i s t i v i t y  
values. The h s i s  lies i n  the detection o f  this  r e s i s t i v i t y  
contrast  between two or more materials. 

4 .  R E S I S T I V I T Y  APPLICATIONS 

The e l e c t r i c a l  r e s i s t i v i t y  method finds use i n  a wide variety of  
subsurface investigations.  

The most important applications have proved to be for  problems 
i n v o l v i n g  groundwater. These include the location and 
delineations of water supplies,  water quality evaluation, 
pollution s tudies ,  and s a l t  water incursion. 

C i v i l  engineering applications include determination OF depth t o  
bedrock, location o f  sand o r  gravel deposits,  and engtneering 
c l a s s i f i c a t i o n  of materials (for example, weathered vs. 
unweathered rock). 

In mineral exploration,  r e s i s t i v t t y  has been used to locate  ore 
bodies,  f a u l t s ,  veins,  sink h o l e s ,  and other deposits of comrner- 
C i a 1  value. 

A rapidly developing application is t o  geothermal s tudies ,  to take 
advantage o f  the low e l e c t r i c a l  r e s i s t i v i t y  associated with hot 
rocks arid hot connate waters. 

Additional € i e l d s  of application include glaciology,  permafrost 
study, archaeology, and cave location. Applications to petroleum 
exploration have hecn l imited,  although the teshnLques of we1 L- 
logging based on e l e c t r i c a l  r e s i s t i v i t y  and self-potent La1 
measurements a r e  widely used. The Bison Model 2390 can be used 
€ o r  both o €  these types of measurement, although Bison  does not 
supply the downhole e l e c t  rvdes and cahles 
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5.  DEPTH RANGE 

The depth o f  investigation by the e l e c t r i c a l  r e s i s t i v i t y  method 
can i n  general,  be controlled by the user. Shallow investigations 
a r e  carried out by placing the electrodes r e l a t i v e l y  close 
together,  whereas deeper invest i g n t  ions require increased spacing 
between the electrodes. Yo simple o r  fixed relationship e x i s t s  
between electrode spacing and depth o f  investigation - i n  f a c t ,  
the term depth of investigation i s  d i f f i c u l t  t o  define - b u t  the 
f o l l o w i n g  stateineiit may serve as a s t a r t i n g  p o i n t .  Detection o €  -3 

subsur face target a t  depLh D w i l l  normally require that measure- 
ments be extended t o  tnclude electrode spacings (between the two 
most distant  electrodes o f  the array) a t  l e a s t  4 t o  6 times D. 

I n  pract ice ,  therefore,  the maximum .attainable depth of investiga- 
t i o n  (however defined) depends upon the maximum attainable separa-  
t i o n  of electrodes for which r e l i a b l e  measurerents can be made. 
Since the voltage signal level  goes down rapidly as electrode 
spacing i s  increased, we coilclude that greater depths require more 
s e n s i t i v e  instruments. The Bison Model 2390 uses the principle o f  
s Lgrlal enhancement t o  achieve h i g h  sens i t  i v i  t y  . 
Greater de@hs oE investigation also e n t a i l  greater d i f  f ic i i l ty  in 
data interpretation,  even if the measurements are  h i g h l y  r e l i a b l e .  
The reason l i e s  i n  the much larger volume OE earth through which 
the current i s  dfstributed,  when large electrode spacings are 
used. The r e s i s t i v i t y  measurement represents a k i n d  of weighted 
average of true cart11 r e s i s t i v i t i e s  throughout the vulume of 
measurement. The l a rger  t h i s  volume the greater w i l l  be the 
variety of earth material Lncluded w i t h i n  i t .  

6.  SELF-POTENTIAL MEASUREHENTS 

The sel f -potent ia l  technique has proved useful In cxplordt i o n  fo r  
base-metal deposits ,  especial ly massive sulf ides.  The w t k d  
r e l i e s  on natural enrtti currents set  up by these o r e  Iwdics. The 
currents produce potent L?Ps which w n  be detected < i t  the s1lrfdt.e 
of the earth. The detection ,\nd n~~~isuremelit of tfitxsr potent i-11 
c o n s t i t u t e s  the self-potential  explor,it inn technique. 
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T h e  B i son  2390 R e c e i v e r  p r o v i d e s  a s e n s i t i v e  and c o n v e n i e n t  
i n s t r u m e n t  f o r  s e l f - p o t e n t i a l  m e a s u r e m e n t s .  T h e  p o t e n t i a l  
r e a d i n g s  a p p e a r  d i g i t a l l y .  The s i g n a l  e n h a n c e m e n t  c a p a b i l i t i e s  of 
t h e  2390 p r o v i d e  c o n t i n u a l  a v e r a g i n g  and u p d a t i n g  of t h e  self-  
p o t e n t i a l  r e a d i n g s .  By means of t h e  " F r e q u e n c y "  and "Decade" 
c o n t r o l s  on t h e . R e c e i v e r ,  t h e  1 0 - c y c l e  a v e r a g i n g  period may b e  set 
w i t h i n  a r a n g e  e x t e n d i n g  b e t w e e n  0.2 a n d  10 s e c o n d s .  T h e  R e c e i v e r  
i n c l u d e s  a lso  t h e  f e a t u r e  o f  a u t o m a t i c  p o l a r i t y  d i s p l a y .  

T h e  only  a u x i l i a r y  e q u i p m e n t  r e q u i r e d  i s  a reel  of wire and two 
n o n - p o l a r i z i n g  p o r o u s  pot e l e c t r o d e s .  

F o r  more i n f o r m a t i o n  on t h e  s e l f - p o t e n t i a l  m e t h o d ,  t h e  f o l l o w i n g  
t e x t  may be c o n s u l t e d :  

A p p l i e d  G e o p h y s i c s  
W. T e l f o r d ,  L. G e l d a r t ,  R. S h e r i F f ,  and D. K e y s .  
C a m b r i d g e  U n i v e r s i t y  Press, 1976, 860 pp. 
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IV. PRINCIPLES OF OPERATION 

The Model 2390  system is & s i n g e d  to work with any of the s t d n d a t d  
electrode arrangements. Reprcsenta t Lve c o n f i g t i r a t  ions are  shown 
i n  Figure 2 ,  together w i t h  the €ormulas by which to compute the 
apparent r e s i s t i v i t y , p p  

(a) Wenner electrode arrangement 
I 
I 

I 

(b) Lee modification of Wenner arrangement 
I 
I 
I 

s ' p2 c2 pJ, 
A'// MI "/' 0// 
G - - - L  ---- *--+ - - - -  > 

Cl 

I 

( c )  Schlumberger electrode arrangemeni 
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T h e  "apparent resistivCty",pa , w i l l  be the €inal  computed quan- 
t i t y  used for interpretation. 
the Handbook referenced ear l ier .  

A f u l l  diSCu8sfon w i l l  be found i n  

The quantity A V  equals the potential difference measured between 
the electrodes P1 and P 2 ,  normally expressed in millivolts.  On 
the 2390 Receiver, A V  corresponds t o  the digital  readout on the 
panel meter. 

The quantity I equals the current flowing i n t o  the earth at  
electrode C 1  and out  a t  electrode C 2 ,  expressed i n  milliamperes. 
On the 2390 Transmitter, I i s  given by the Range setting. It 
corresponds approximately t o  the digi ta l  readout on the panel 
meter, although this reading merely serves a monitor f u n c t i o n ,  
w i t h  a precision limited to several percent. 

The formulas Cn Figure 2 can be used t o  provide a quick estimate 
of the expected potential difference i n  a g i v e n  f ie ld  situation. 
Apparent res is t ivi ty  i s  defined i n  such a way that i t  equals true 
earth res is t ivi ty  when the subsurface i s  completely uniform. 
(Normally, this  condition would not be sat is f ied. )  Thus we can 
take an estimated value € o r  average earth res i s t iv i ty ,  substitute 
i t  into the formula, and compute an estimated value for AV. 

A s  a n  example of this calculation, suppose that the measurement 
will be taken with the Wenner electrode arrangement using 
electrode spacing A=50 meters and current setting Is20 mflliam- 
peres. If the average earth res is t fvf ty  were 200 ohm meters, for 
example, the expected potent t a l  difference would be 

,AV = (200 ohm meters) (.020 amperes) 
2 v  (50 meters) 

= 11*0 mil l ivol ts  

The basic function of the 2390 system i s  t o  supply current I and 
measure the resulting potential difference AV.  
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Certain pract ical  d i f f i c u l t i e s  a r i s e  in the course of r e s i s t i v i t y  
measurements. These include: 

a )  Natural earth currents produce small voltages (potenttals)  
between the potential electrodes. The instrument must 
distlnguish these €rom the a r r i € i c i a l l y  induced potentials 
w h i c h  we w i s h  to measure. Sometimes these natural potentials  
remain constant d u r i n g  measurement, but m r e  o€ten  they vary 
e r r a t i c a l l y .  

b )  Extraneous potentials may originate a t  the contact between 
the electrode and the earth. The electrodes themselves may 
develop undesirable potentials  where they contact the earth. 

c )  I f  the current waveform consis ts  of any shape other than a 
steady-s t a t e  direct  current,  electromagnetic coupling from 
the current cables may induce potentials i n  the potential 
cab les .  

d )  Induced polartzatton e f f e c t s  in the earth may round o f f  sharp 
transttfons i n  the i n p u t  current waveform. 

The 2390 system provides means t o  overcome o r  minim€ze these d i f -  
f i c u l t i e s .  The f i r s t  step i s  t o  use a current waveform consisting 
o €  al ternately  posit ive and negattve current direct  i ons  .-is shown 
in Figure 3 .  The potential  measurement i s  taken i n  the posit ive 
direct ion during positive ciirreiit flow, and i n  the negative 
direct ion d u r i n g  negative current flow. This process averages o u t  
and eliminates any steady s t a t e  potentials  due to naturd earth 
currents ,  electrode c o r i t a c t ~ ,  and other e f f e c t s .  

CURRENT  
WAVEFORM 

I 057 I I 05r I I 
+I  I+ +./Ti+ +I I I 

P O T E N T I A L  I I I I I 
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The second step i n  overcoming the problem OF spurious potentials 
is t o  avoid nnking potential measurements near the time of current 
reversals .  Figure 3 i l l u s t r a t e s  t h i s  process also.  The potential 
measuring c i r c u i t  does not b e g i n  i t s  measurement u n t i l  5 %  o f  the 
current waveform has elapsed, and t h i s  measurement ends 5 %  i n  
advance of the current waveform termination. This minimizes 
errors produced by electromagnetic and induced polarization since 
both e f f e c t s  occur principally near the current waveform 
trans i t  Ions. 

The most d i s t i n c t i v e  Feature of the 2390 system l i e s  i n  i t s  Cntro- 
duction of signal enhancement t o  earth r e s i s t i v i t y  measurements. 
To understand the benefits from signal enhancement, we need t o  
understand the problem against which i t  is directed. Figure 4 
i l l u s t r a t e s  the problem. It  shows a simulated voltage waveform 
that might  be measured between the two potential electrodes. Most 
O F  the rJaveform consists  OF e r r a t f c  voltage varfations arising 
Eroln natural earth currents or other extraneous sources. 
Superposed on t h i s  are the small potenttal steps produced by the 
current source. We wish to measure the steps and eliminate the 
e r r a t i c  variations. 

FIGURE 4 :  
Signal Plus Noise On The Potent ia l  WaveFotm 
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The 2390 accompl i shes  t h i s  s e p a r a t i o n  i n  t h e  fo l lowing  way. 
Dur ing  t h e  p o s i t i v e  p o r t i o n  of t h e  c u r e n t  waveform from t h e  
t r a n s m i t t e r ,  t h e  r e c e i v e r  t a k e s  a running average  of t h e  v o l t a g e  
a t  t h e  p o t e n t i a l  e l e c t r o d e s .  I t  a c h i e v e s  t h i s  by c o n v e r t i n g  t h e  
i n s t a n t a n e o u s  v o l t a g e  t o  a f r e q u e n c y  by means of a precise d i g i t a l  
vo l t age - to - f r equency  c o n v e r t e r .  A d i g i t a l  c o u n t e r  t hen  c o u n t s  
p u l s e s  a t  a r a t e  e s t a b l i s h e d  by t h e  i n s t a n t a n e o u s  f requency .  Thus 
t h e  c o u n t e r  p r o v i d e s  a measure of  t h e  ave rage  v o l t a g e  ove r  t h e  
d u r a t i o n  of t h e  measurement i n t e r v a l .  T h i s  ave rage  i n c l u d e s  
c o n t r i b u t i o n s  from e v e r y  s l i g h t  v a r i a t i o n  of t h e  v o l t a g e  waveform. 
The f i n a l  o u t p u t  a t  t h i s  s t e p  c o n s i s t s  of a d i g i t a l  r ead ing  of 
t o t a l  c o u n t s ,  p r o p o r t i o n a l  t o  t h e  ave rage  v o l t a g e .  

A t  t h e  c o n c l u s i o n  of t h e  p o s i t i v e  p o r t i o n  of t h e  c u r r e n t  waveform, 
t h e  c o u n t e r  c o n n e c t i o n  i s  r e v e r s e d  so t h a t  i t  c o u n t s  downward 
d u r i n g  t h e  n e g a t i v e  p o r t i o n  of t h e  c u r r e n t  waveform. A t  t h e  
c o n c l u s i o n  of one f u l l  c y c l e ,  t h e  coun t  w i l l  be ( a )  z e r o ,  i n  t h e  
p r e s e n c e  of a pu re  n o i s e  v o l t a g e ,  o r  ( b )  a va lue  p r o p o r t i o n a l  t o  
t h e  s i g n a l ,  i n  t h e  p r e s e n c e  of a pure  s i g n a l  v o l t a g e .  

I n  p r a c t i c e ,  n e i t h e r  of t h e s e  i d e a l  s i t u a t i o n s  will e x i s t .  We c a n  
a p p r o a c h  the i d e a l ,  however,  i f  we c a r r y  ou t  t h e  a v e r a g i n g  o v e r  
many c y c l e s  r a t h e r  t han  o n l y  o v e r  one.  The 2390 accompl i shes  
s i g n a l  enhancement by c o u n t i n g  u p / c o u n t i n g  down o v e r  t e n  f u l l  
c y c l e s  of t h e  c u r r e n t  waveform b e f o r e  d i s p l a y i n g  t h e  f i n a l  o u t p u t  
p o t e n t i a l .  

The c o u n t i n g ,  d i s p l a y ,  and r e c y c l i n g  a r e  c a r r i e d  o u t  ,automati-  
c a l l y .  So long  as t h e  r e c e i v e r  i s  i n  o p e r a t i n g  mode, i t  w i l l  
measu re  v o l t a g e  f o r  10 c y c l e s ,  t h e n  f o r  10 more c y c l e s ,  and con- 
t i n u e  i n d e € i n i t e l y .  The v o l t a g e  o u t p u t  Eor each sequence  will be 
c o n t i n u a l l y  d i s p l a y e d  t o  t h e  o p e r a t o r  d u r i n g  t h e  f o l l o w i n g  
s e q u e n c e ,  so t h a t  he o r  s h e  may w r i t e  i t  down i f  d e s i r e d .  

The 2390 T r a n s m i t t e r  is  s u p p l i e d  w i t h  n p a n e l - c o n t r o l l e d  c h o i c e  of 
waveform f r e q u e n c i e s .  Thus t h e  v o l t a g e  r ead ing  w i l l  be updated  
e v e r y  10 c y c l e s  of t h e  o p e r a t i n g  f r e q u e n c y  ( i . e .  € o r  1 Her t z  o r  1 
second  p e r i o d ,  t h e  v o l t a g e  r e a d i n g  upda te s  eve ry  10 s e c o n d s . )  
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This provides a powerful technique for discriminattng against the 
e r r a t i c  random voltages which so seriously limit deep r e s i s t i v i t y  
invest iga t ions. I t  a l so  provides the operator v i  th a cont inual 
check o l  the consistency o f  the readings as the noise voltages 
vary, 

Normal measurements a r e  carried out  tn the 1 hertz ( 1  second 
period) mode. The low ftequency/long period options find use i n  
the presence o f  severe noise condttions, especially a t  the large 
electrode spactngs required for very deep investigations. Here 
the potential available for measurement is very small, so that 
signal enhancement permits f t  t o  b u i l d  up to a level  readable 
above the noise. The h i g h  frequency/short period options find use 
i n  quiet conditions, o r  a t  small electrode spacings. 

A f inal  point for explanation is the problem o f  synchronizattou. 
Figure 2 shows that the potential measuring c i r c u t t  i n  the 
recetver inust he turned on and o f f  i n  a precise time relationship 
t o  the transmitter wave€orm. The 2390 system provides a means €or 
a chiev i ng t h is sy nch r on iza  t ion .  

The system mikes use of an e l e c t r i c a l  connectton (the 
"synchroniz tng cable") between the transmitter and the recetver.  
The transmi t t e r  waveform is obtained €rorn a precision 1 megahertz 
o s c i l l a t o r  by c o u n t i n g  down ei ther  6 o r  7 decades. SimiLar 
counting c i r c u i t s  are present 
Q n  the transmitter w i l l ,  wtien 
toge t he r i n  synchr  m i z a  t ion. 
together so long as the power 
frequency switches rematn  the 
these cond 1 t tons is v i o l a  &ed . 

i n  the receiver.  A "sync" control  
depressed, lock the two waveforms 
They wf b 1 then rema t n  locked 
reinatns on i n  both units and the 
same on b o t h  units* 'If either of 
an ""out o f  sync" panel indteator 

will l i g h t  on the receiver ,  and sync must be reestablished. 

It  i s  also possible to operate the transmitter and receiver 
completely separdte from one another. Thus, they can be placed 
hundreds of meters apart i €  desired. T h i s  synchronizatton is 
achieved by connect Lng transmi t t e r  to receiver by the synchro- 
niz#g?-cable, and then moiaentarily depressing the "sync" but  ton. 
Following thLs s tep,  the sync cable CAII be removed ilnd the units  
opcrdted  indeperideritly f o r  u p  to 2 4  horirs, sltho~igh i t  is ;i wise 
precaut ton to resyrichroniae a f t e r  9-10 hours. 
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V. DESCRIPTION OF EQUIPmNT 

1. BASIC COMPONENTS AND ACCESSORIES 

The Bison 2390 E a r t h  R e s i s t i v i t y  System c o n s i s t s  of t h e  f o l l o w i n g  
s t a n d a r d  components. 

2390T 50-watt R e s i s t i v i t y  T r a n s m i t t e r  

2390R R e s i s t i v i t y  R e c e i v e r  

B a t t e r y  Chargers  

I n p u t  Connector  and c a b l e  fo r  e x t e r n a l  power s u p p l y  

Synchron iz ing  Cable  ( 2  meters s t a n d a r d ,  g r e a t e r  l e n g t h s  
o p t i o n a l  ) 

I n p u t  P a n e l  P l u g s  

I n s t r u c t i o n  Manual 

Handbook of E n g i n e e r i n g  Geophys ic s ,  Volume 2 :  E l e c t r i c a l  
R e s i s t i v i t y .  

I n  a d d i t i o n ,  t h e  f o l l o w i n g  components  may be r e q u i r e d  to make t h e  
s y s t e m  o p e r a t i o n a l  i n  t h e  f i e l d .  To accomodate  u s e r s  who are  
a l r e a d y  equipped  wi th  t h e s e  items, t h e y  are  made a v a i l a b l e  
s e p a r a t e l y  as o p t i o n a l  a c c e s s o r i e s  : 

4 Reels w i t h  Cable  
S t a n d a r d  l e n g t h s  are  450 meters f o r  c u r r e n t  c a b l e s  and 150 
meters €o r  p o t e n t i a l  c a b l e s .  T h i s  p e r m i t s ,  f o r  example,  a 
maximum A-value of 300 meters w i t h  Wenner c o n f i g u r a t i o n .  Q t h e r  
l e n g t h s  can  be s u p p l i e d  on special o r d e r .  

4 E l e c t r o d e s  

1 Center E l e c t r o d e  and Cab le  € o r  Lee E l e c t r o d e  C o n f i g u r a t i o n  

2 F i b e r g l a s s  Tapes ( avofd  metal), LOO meters o r  300  f e e t  

1 Tes t  Load Box 

1 Bison  Model 1400A  S t r i p c h a r t  Recorde r  

A c o m p l e t e  sys tem ( less  measur ing  t a p e s  and Model L400A) ts shown i n  
F i g u r e  5. 
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F I G U R E  5 :  
X o d e l  2 3 9 0  ER S y s t e m  a n d  A c c e s s o r i e s  
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2. P A S E L  CONTROLS, T R A N S M I T T E R  

T h e  t r a n s m i t t e r  p a n e l  is s h o w n  in F i g u r e  6 w i t h  t h e  i n d i v i d u a l  
c o n t r o l s  i d e n t t € i e d  by n u m b e r .  T h e i r  f u n c t i o n s  w i l l  n o w  be 
e x p l a i n e d .  

F I G U R E  6: 
P a n e l  C o n t r o l s ,  T r a n s m i t t e r  
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1 )  Output terminals € o r  connection t o  the current electrodes C 1  
and C2. 

2 )  S e l e c t o r  switch for use w i t h  the d i g i t a l  meter display, item 3.  
In  the "Up" p o s l t i o n ,  the meter reads an approximate value for 
the current flowing into the earth through electrodes C 1  and 
c2. 

In tlie "Down" posit ion,  the meter reads battery voltage on the 
self-contained power s u p p l y .  Further information vi1 1 be found 
in the preceding section on "Battery Malntenance". 

3) D i g i t a l  meter display. 
A s  noted under item 2 ,  t h i s  meter w i l l  read e i t h e r  the current 
flow or the battery voltage. When used as a curent meter, i t  
serves only a monitor function t o  assure that current is 
a c t u a l l y  flowfng and that the value fs close t o  the desired 
s e t t i n g .  The meter reading may be in error  by several percent 
and may f luctuate sllghtly. 

4 )  Current Under Range l i g h t .  
I f  th i s  lfght goes o n ,  the current has fa i led to reach the 
value selected usPng the Range switch. One of the following 
steps should be taken: 

( a )  Choose a lower current value w i t h  the Range switch. 

( b )  Decrease the contact resistance a t  the current electrodes.  
This can be done by d r i v i n g  t h e m  deeper I n t o  the earth,  by 
pouring fresh or s a l t  water around them, o r  by using two or 
more electrodes f n  p a r a l l e l .  

5)  S y n c  switch. 
T h i q  switch is used to synchronize the waveforms between the 
Transmi t t c r  and the R e c e i v e r .  I t s  operatlon w i l l  be e x p l ; s i n e d  
below. 
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7 )  T r a n s m i t  Power s w i t c h .  

No c u r r e n t  w i l l  a c t u a l l y  p a s s  t h r o u g h  e l e c t r o d e s  C 1  and C2  
u n t i l  t h i s  s w i t c h  h a s  b e e n  t u r n e d  t o  t h e  "On" p o s i t i o n .  'In t h e  
" O f f "  p o s i t i o n ,  v a r i o u s  c h e c k s  and s e t t f n g s  c a n  b e  made p r i o r  
t o  t h e  measurement .  The s w i t c h  s h o u l d  be l e f t  i n  t h e  " O f f "  
p o s i t i o n  w h e n e v e r  p o s s i b l e  to  a s s u r e  s a f e t y  and c o n s e r v e  
b a t t e r y  power.  

8)  Range s w i t c h .  
T h i s  s w i t c h  e s t a b l i s h e s  t h e  p r e c i s e  c u r r e n t  v a l u e  d e s i r e d .  The 
n o r m a l  s e t t i n g  i s  20  m i l l i a m p e r e s .  H i g h e r  s e t t i n g s  may b e  p r e -  
f e r r e d  a t  l a r g e  e l e c t r o d e  s p a c i n g  o r  under  c o n d i t i o n s  o f  low 
e a r t h  r e s i s t i v i t y  t o  i n c r e a s e  t h e  v o l t a g e  v a l u e  a v a i l a b l e  f o r  
m e a s u r e m e n t .  A s e t t i n g  o f  10 m i l l i a m p e r e s  may b e  r e q u i r e d  i f  
t h e  e l e c t r o d e  r e s i s t a n c e  f s  u n u s u a l l y  h i g h  due t o  d r y  ground 
c o n d i t i o n s .  T h e  Range s e t t i n g  g i v e s  a precise  v a l u e  f o r  t h e  
a c t u a l  c u r r e n t  f l o w ,  whereas t h e  c u r r e n t  r e a d i n g  on t h e  meter 
d i s p l a y  (3) g i v e s  o n l y  a n  a p p r o x i m a t e  v a l u e  f o r  m o n i t o r i n g  pur- 
p o s e s .  

9) F r e q u e n c y  s e l e c t o r  s w i t c h .  

lo) D e c a d e  s w i t c h .  

T h e s e  two c o n t r o l s  t o g e t h e r  e s t a b l i s h  t h e  r e p e t i t i o n  f r e q u e n c y  
or p e r i o d  f o r  t h e  c u r r e n t  waveform as shown i n  F i g u r e  2. T h e  
a c t u a l  f r e q u e n c y  e q u a l s  t h e  " F r e q u e n c y "  d i a l  s e t t i n g  m u l t i p l i e d  
by t h e  ' B e c a d e "  d i a l  s e t t i n g .  For e x a m p l e ,  i f  F r e q u e n c y  = 2 
a n d  D e c a d e  = .lx, t h e  c u r r e n t  waveform h a s  a f r e q u e n c y  o f  0 .2  

p e r i o d  would b e  5 s e c o n d s .  T h i s  r e p r e s e n t s  t h e  time d u r a t i o n  
of a c o m p l e t e  c y c l e  ( p o s i t i v e  p l u s  n e g a t i v e )  shown i n  F i g u r e  2 .  

h e r t z .  S i n c e  p e r i o d  e q u a l s  l / f r e q u e n c y ,  t h e  c o r r e s p o n d i n g  / 

11) F r e q u e n c y  i n d i c a t o r  l i g h t s .  
T h e s e  l i g h t s  m o n i t o r  t h e  f u n c t i o n  d e s c r i b e d  u n d e r  items ( 9 )  and 
(1) a b o v e .  D u r i n g  p o s i t i v e  c u r r e n t  flow, t h e  l e f t  l i g h t  comes 
on, and d u r i n g  n e g a t i v e  c u r r e n t  flow t h e  r i g h t  l i g h t  cmes on.  
T h i s  permits t h e  o p e r a t o r  t o  c o n f i r m  v i s u a l l y  t h a t  t h e  waveform 
g e n e r a t o r  is o p e r a t i n g  c o r r e c t l y .  
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1 2 )  Power swi t ch .  
T h i s  swi t ch  p rov ides  s t andby  power t o  t h e  system. Normally 
s t a n d b y  power is l e f t  on d u r i n g  t h e  e n t i r e  f i e l d  o p e r a t i o n ,  
s i n c e  power d r a i n  is r e l a t i v e l y  small. The o p e r a t o r  shou ld  
k e e p  i n  mind t h a t  s y n c h r o n i z a t i o n  between T r a n s m i t t e r  and 
R e c e i v e r  will be l o s t  i f  t h e  Power s w i t c h  is t u r n e d  o f f .  
The Power s w i t c h  has  a s p e c i a l  s a f e t y  d e t e n t  t o  avo id  acc iden-  
t a l l y  t u r n i n g  i t  o f f .  To a c t u a t e  t h e  Power s w i t c h ,  p u l l  t h e  
knob o u t  s l i g h t l y  b e f o r e  moving. 

13)  C h a r g e r / E x t e r n a l  Power c o n n e c t o r .  
A c o n n e c t o r  on t h e  r i g h t  s i d e  of t h e  case p r o v i d e s  c o n n e c t i o n s  
t o  e i t h e r  (a )  t h e  b a t t e r y  c h a r g e r ,  o r  (b) a n  e x t e r n a l  12 -vo l t  
power supply .  The l a t t e r  may be u s e f u l  where ve ry  long 
t r ansmi t .  times are  t o  be used .  

3. PANEL CONTROLS, RECEIVER 

The r e c e i v e r  is shown i n  F i g u r e  7 w i t h  t h e  i n d i v i d u a l  c o n t r o l s  
i d e n t i f i e d  by number. T h e i r  f u n c t i o n s  will now be e x p l a i n e d .  

FIGURE 7: 
Panel Controls, Receiver 
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1 )  I n p u t  terminals for connection from the potenttal electrodes P1 
and P 2 .  
Terminals P1 and P2 a r e  normally used. Terminal Po provides 
means t o  use the Lee Electrode Configuratton. For a descrip- 
t ion of  t h i s  configuration, see Chapter 3 0  i n  Handbook o f  
Engineering Geophys ICs, Volume I 1. 

2 )  Se lector  switch f o r  input terminals P1-PO,  P l - P 2  and PO-P2.  
Normal operatton uses the center o r  "Normal" position. The 
other two positions provide connecttons f o r  the Lee-Left or the 
Lee-Right connecttons. 
Note that thLs switch has a protective detent,  such that the 
knob must be pulled outward before i t  can be moved. 

- 

3 )  Mill ivol t  meter display. 
The voltage reading i s  displayed on this  meter. This equals 
t h e  potential d i € € e r e n c e ,  i n  m i l l i v o l t s ,  between the two poten- 
t i s 1  electrodes. Weegattve values w i l l  be indicated by a in inus  
sign. 
This display serves another functton also. The decimal point 
flashes on and o f €  a t  the Erequency of the Receiver waveform. 
When properly synchronized, thts  also equals the frequency o f  
the Transmitter waveform. The flashing decimal point gives 
visual confirmation of the frequency. 

4 )  Clear switch. 
This switch i n i t t a t e s  a new sequence of 10 cycles  Zn the 
measuring process. Use of the switch i s  opttonal,  s ince the 
Recetver continually updates the mil l tvolt  reading a f t e r  every 
10 cycles.  If the switch is not used, however, the f i r s t  
update reading should be ignored since i t  may have started 
somewhere i n  the middle o €  a 10-cycle sequence. 

5) Power switch. 
Power i s  normally l e f t  on f u l l  time d u r i n g  the f i e l d  measure- 
ments. I f  the power is turned o € f ,  synchronization must be re- 
es tahlished. 
Note that thts  switch has a Drotective detent. such that the - 
knob must be pulled outvard before i t  can be ~wved. - ----- ___--_____ - --__ ~ 
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6 )  Range switch. 
This controls the positton of the dectmal point on the milli- 
volt  display, hence i t  controls the mil l ivol t  range. I n  the 
1000 positton,the decimal point t s  placed t o  the r i g h t  o f  a l l  
d t g i t s .  The reading range extends €tom 1 to  1999 m i l l i v o l t s .  
The 100 position dfsplays 0.1 t o  199.9 mv. moving the decimal 
point one place t o  the l e f t .  The 10 posit ion displays 0.01 t o  
19.99 mv. The 1 positton displays 0.901 t o  1.999 mv (1 t o  1999 
m t c rovo 1 t s 1 . 
The Range switch should normally be placed i n  the lowest 
possible position to provide the maximum number o f  s igniFicant 
d i g i t s .  
- display screen w i l l  go blank except € o r  the b l i n k i n g  dectmal 
potnt. The Range switch must then be turned t o  a higher value. 

- If the sett ing i s  too low, however, the mil l ivol t  

7 )  Frequency selector  switch. 

8 )  Decade switch. 

These two controls together ccntrol  the frequency o f  the 
Receiver waveEorm. Their operation is explatned above for the 
same two controls on the Transmitter. 
The Transmitter and the Recetver frequencies must be s e t  to 
exactly the same values d u r i n g  operations. If one is changed, 
tlie other m u s t  be changed. I n  addition, they m u s t  be synchro- 
nized a t  a 1 1  times as explained elsewhere. If the frequency is 
changed, the tin1 t s  must be re-synchronized. 

9) K-SP switch. 
This switch provides the choice between making e l e c t r i c a l  
r e s  bst % v i  ty measurements and self-potent ta l  rnensurement~;~ 
Normal operation w i l l  he i n  the r r s i s t f v t t y  mode. 
In the self-potential  inode, the Rccetver w i l l  be used by i t s e l f  
t o  mtx;isure the potent La1 dif ference  between the two potenttail 
electrodes. These potenttals  a r i s e  from electrochemical pheno- 
mena i n  the earth,  especia l ly  those associated w i t h  sulftde ore 
bodies. In this  made, the Receiver does not reverse the 
polarity o€  measurement midway i n  the the c y c l e ,  but rather 
measures <in average valcic of  potential over 10 c y c l e s .  T h u s  
the signdl edi;incemcnt c a p a h t  1 t ty o f  the 2390 sys tern fs used 
f o r  self-potential  measureinelits also. 

- 

10) O u t  9€ Sync 1i .ght. .  

11) S y n c  I n p u t  connector. 
The synchronizing cable from the Trdnsmi t t e r  connects to the 
Receiver at this  socket. The O u t  of  Sync l i g h t  w i l l  remain on 
tint il the two instrumlints h a v e  becn synchronized, a t  which tiine 
i t  wil l  go o f f .  i f  syrichrcJniz:itiori siwuld be l o s t ,  tlie l i g h t  
w i l l .  go on .- ig~Lq. 
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T h e  Out of Sync l i g h t  € u n c t i o n s  o n l y  when t h e  T r a n s m i t t e r  and 
Receiver a r e  connec ted  by t h e  s y n c h r o n i z i n g  c a b l e .  When t h i s  
c a b l e  has  been removed, t h e  c o n d i t l o n  of t h e  l i g h t  has  no 
s i g n i  f i cance .  
I f  t h e  Out o f  Sync l f g h t  is  b l i n k i n g  on and o f f ,  t h i s  means 
t h a t  t h e  Frequency s e t t i n g s  d i f f e r  between t h e  T r a n s m i t t e r  and 
R e c e t v e r .  These s e t t i n g s  must a lways be f d e n t i c a l  d u r i n g  
o p e r a t i o n .  The Out of Sync l i g h t  will not  a lways i n d i c a t e  
d i f  fereiit t r a n s m i t t e r  and receiver f r e q u e n c i e s ,  so t h e  o p e r a t o r  
s h o u l d  iiot r e l y  oii i t  €or t h i s  purpose .  

1 2 )  C h a r g e r h x t e r n a l  Power c o n n e c t o r .  
A c o n n e c t o r  on t h e  r i g h t  s i d e  of t h e  c a s e  p r o v i d e s  c o n n e c t i o n s  
t o  e i t h e r  ( a )  t h e  b a t t e r y  c h a r g e r ,  o r  (b) an e x t e r n a l  12 -vo l t  
power supp ly .  

13) C h a r t  c o n n e c t o r .  
A c o n n e c t o r  on t h e  r i g h t  s i d e  of t h e  c a s e  p r o v i d e s  a n  o u t p u t  
which can  be connec ted  t o  t h e  B i son  Model 1400A C h a r t  Recorde r .  
T h i s  p e r m i t s  making a c o n t i n u a l  d i s p l a y  of p o t e n t i a l  v e r s u s  
time f o r  t h e  p o t e n t i a l  e l e c t r o d e s .  

V I .  OPERATING INSTRUCTIONS 

1. BASIC MEASUREMENTS 

The €allowing sequence  of s t e p s  w i l l  gu ide  t h e  u s e r  t h rough  a se t  
o f  measurements .  We s u g g e s t  t h a t  t h e  beg inn ing  u s e r  may wish t o  
c a r r y  o u t  t h e  measurements  i n  t h e  o f f i c e ,  u s i n g  a dummy load  t o  
s i m u l a t e  t h e  e a r t h .  A c o n v e n i e n t  d e v i c e  for  t h i s  purpose  i s  t h e  
Model 2390 Test Box, an  o p t i o n a l  a c c e s s o r y .  If  t h i s  is not 
a v a i l a b l e ,  t h e  f o l l o w i n g  c i r c u i t  c a n  be used ,  or  else t h e  2390 c a n  
b e  connec ted  d i r e c t l y  t o  e l e c t r o d e s  under  f i e l d  c o n d i t i o n s .  

10 w a t t s  10 w : 1 t t s  
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Any resistance values can he used i n  the ranges 2,000 t o  4,000 
ohms and 0.1 t o  1 ohm. 

The user must keep Ln mind that the Recetver " d l l i v o l t "  
reading w i l l  he updated every 10 cycles.  This means that the 
existtng reading may retnatn unchanged f o r  several seconds ( o r  
even several tens o f  seconds, a t  very low frequencies) a f t e r  
tlic current has been turned on. I t  means also that the f i r s t  
updated reading m y  be meaningless (unless preceded by use of 
t h e  "Clear" but ton) because the signal enhancement process may 
have been in i t iated t n  the mtddle of 8 10-cycle sequence. 

We reccomend the fo l lowing  panel set t ings  as a s tart ing point 
for ei ther  f i e l d  operations o r  o f f i c e  t e s t s .  They can be 
modifted as the need artses.  

On the Transmitter, set :  

"Met e r" to "Current" 
"Decade " to **  1 x9~ 

" Frequency " to "1 *' 
" Range " to "2 0 " 

On the Receiver, set :  

"Lee-L, e tc"  to "Normal" (center position) 

"Decade" to "lx"  
*' F r eq ue n cy " 
" Ra ng e " to " 100 " 

to " R " 

" 1 " 

"R-S 1' " 

to 

Step 1: Set the panel controls as recommended above. 

Step 2 :  Hake connections t o  tnput and output sockets P1, P 2 ,  Cl, and 
C2 such that C 1  and P1 a r e  on the same side of the array. 
These must go to elther the electrodes o r  t o  the t e s t  load. 
I €  the Model 2390 T e s t  Box is used, s e t  l e f t  knob t o  "41;" and 
the right knob to "1 ohm". 

Step 3: Connect the syrichroiiiz Lng cable betwcczn Transmitter and 
Rec e f v e r . 

Step 0 :  T u r n  on t?ie Transmitter diid Receiver. Numbers will appear on 
the d i s p l n y  meters. (Reminder: On the Power switches, the 
Imvb must be pulled out s l i g h t l y  beFore Lt can he inoved). 
The O u t  o f  Sync l i g h t  s h o u l d  come o n  and remain o:i. I €  i t  
fails to do so, turii the Receiver o f f  for a few moments. 
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Step 5:  Check the battery voltages. T u r n  knobs to "Battery" and 
"Batt  Test" positions. (Reminder: The Receiver reading may 
not appear for several seconds because the Receiver must pass 
through 10 cycles before the reading vi11 be updated). 
The battery voltages will d i f f e r  substantial ly because the 
two units use di f ferent  battery types. Typically,  the 
Trsnsmitter reading w i l l  be about 1 2  v o l t s  and the Receiver 
reading about 1 3  v o l t s .  Further information w i l l  be found i n  
the Maintenance section. 

Return the battery t e s t  knobs t o  the current sett ings.  

To review, the panel set t ings  which we have chosen have the 
f o l l o w i n g  signif icance.  We selected a current value of 20.0 
milliamperes through the load a t  a frequency o f  1.0 hertz.  
The Test Box sett ing of 1 ohm simul.-ites an earth rilsistance 
reading of 

i l V / I  = 1 ohm 

where A V  will equal the "mil l ivol t "  reading on the Receiver. 

The Test Box sett ing of  4 K  = 4,000 ohms (or 2,000 + 2,000 
ohms i n  Figure 8 )  has no direct  bearing on the readings, so 
long as the resistance value i s  small enough t o  produce the 
f u l l  20.0 milliamperes of current. The Transmitter produces 
a maximum output of 5 5 0  vol ts  zero-to-peak. With a 4,000 ohm 
t e s t  load, the Transmitter could theoret ical ly  produce 5 5 0  
volts/4000 ohms = 138 milliamperes of cureent, but t h i s  d l l  
be automat Lcally reduced by the Transmitter to  the selected 
value of 20.0 milliamperes and R lower current "Range" 
s e t t i n g  would he required. 

We note that the Transmitter atid Receiver have been care€uLLy 
s e t  to the same freqaency of 1 hertz. A t  t h i s  stage,  the 
numbers on the display meters will be meaninglass. Ve 
observe that the decimal p o i n t  on the Receiver display meter 
goes on and o f f  w i t h  a frequency of 1 h e r t z .  

Step 6 :  Synchronize Trasrnitter a n d  Receiver by depressing the Sync 
switch on the Transmitter €or several seconds, unt L l  the O u t  
of  S y n c  l i g h t  on the Receiver will go out. 
This process may take one o r  two seconds, since the qystem 
must go through a f u l l  1 0  cycles .  For very low frequcncizs,  
many seconds cocild clnpse before the l ight  goes o u t .  
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Step 7: T u r n  on the Transmitter Power switch. On the Transmitter,  
the red indicator l ights  near the "Decade" switch should 
a l t e r n a t e  a t  a frequency o €  1 hertz.  This displays the 
operating frequency €or the current waveform. 

The Transmitter meter w i l l  display a number close t o  20  
millfarnperes. This number w i l l  change Frequently between two 
values separated by 0.3 m i  1 Liamperes. Typical Ly , the 
readings w i l l  be 20.0 and 20.3.  As noted elsewhere, t h e  
meter serves only a monitor Function t o  show that  current i s  
flowing a t  approximately the desired value. The true current 
value t s  established precisely by the Range switch set t ing.  
Typical current meter readings w i l l  be 9 . 7  and 9.9 on the 10 
milliampere set f tng,  20.0 and 2 0 . 3  on 2 0 ,  50.4 and 50.7 on 
50 ,  and 100.9 and 101.0 on 100. 

On the Receiver,  a meaningless number will appear for several 
seconds on the display, unt i l  the f i r s t  F u l l  sequence of 10 
cycles  has been completed, After t h i s ,  the correct  value of 
potent ia l  i n  milLivolts w i l l  be displayed. This v i 1 1  be 
updated every L O  cycles ( t h a t  i s ,  every 10 seconds, €or 1 
hertz) .  The numbers may change s l i g h t l y  i n  the third deci- 
mal, b u t  they should be s l i g h t l y  greater t h a n  20.0 mv € o r  a 
Test  Box sett ing of 1 ohm (1 ohm times 2 0  ma equals 2 0  mv). 
The Receiver reading may be negative. This depends simply 
upon the pslartty w i t h  w h i c h  the connections were made t o  P1 
and P2. The reading w i l l  s t i l l  be correct .  

Step 8: Experiment w i t h  some o f  the control settings. 

( a )  Press Clear button on  t h e  Receiver,  The display reading 
w i l l  go to z e r o  and remain so € o r  10 c y c l e s ,  a f t e r  which 
the correct reading w i l l  appear. 
The Clear button may be used a t  any time. This will 
avoid waiting tlirougli one meaningless reading, a f t e r  the 
Trasmftter current has been turned on. 

(b) T u r n  the Range switch on the Receiver to a value which i s  
too l o w .  
Set  che Range switch a t  1 .  The display meter now lacks 
enough s ignif icant  € i g u r e s  t o  give  a correct  readfng. 
A t  the corlciustorl of ttie next IO-cycle sequence, the 
display w i l l  disappear except € o r  the decimal p o i n t .  
This  shows the operdtor Lhat the reading is over-range 
and that tht' Range switch milst be s e t  t o  a higher number. 
Res to re the R,+nge swi tch s e t  t ing  t o  LOO. 
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( c )  Throw the system out  of synchronization and observe that 
erroneous "mil l ivol t "  readings appear on the Receiver. 
This step can be accomplished by turning the Receiver off 
f o r  a few moments, o r  by changing the "Frequency" o r  
"Decade" set t ing momentarily. 

( d ) Change the Tratism i t t e r cur rent set  t i n g  . 
Change the Trasmitter Range switch t o  10. The 
"milliamperes" meter should give readings which a l t e r n a t e  
approximately between 9 . 7  and 9.9.  
The Receiver meter readtng w i l l  o f  course also be reduced 
by a Factor o€ 2 .  Restore the Transmitter Range set t ing 
to  20, 

( e )  Demonstrate the e f f e c t  o f  excessive contact resistance a t  
the current electrodes. 
T u r n  the Test Box setting t o  40K = 40,000 ohms. The 
warning l i g h t  "Current under Range" w i l l  come o n .  The 
display meter on the Transmitter w i l l  read about 14  
milliamperes, despite the Range switch set t ing of 20. 
T h i s  shows the operator that the Transmitter output 
voltage i s  too small t o  drive 20  milliamperes through 
t h i s  large load. The solution i s  to use a lower current 
s e t t i n g ,  namely 10 milliamperes on the Range switch. 
Restore the Test Rox sett ing t o  4K. 

2 .  SUGGESTLONS FOR FLELD OPERATIONS 

(a>  Before s t a r t i n g  the readings, confirm that the frequency set-  
t ings a r e  ident ical  on Transmitter and Receiver. 

(b) The normal Transmitter current set t ing of 20 milliamperes may 
be increased to 50 o r  100 milliamperes when the Receiver 
" m i l l i v o l t "  reading becomes small ( l e s s  than 2 0 ,  say). 
This will increase the mil l ivol t  reading proportionately and 
improve the signal t o  noise r a t i o .  
Conversely, a current sett ing of 10 milliamperes may be su€- 
f i c i e n t  vhen the Receiver reading reaches a Few hundred 
m t l l  t v o l t  s .  

( c )  The normal frequency sett ing o€ 1 hertz may be increased t o  2 
o r  even 5 hertz €or shallow investigatlons.  This wi l l  yield 
f as t e r read i ngs . 
Conversely, €or  large depths of investigation (tens o €  
meters) o r  i n  the presence of severe natural earth potential 
notse,  lowcr frequency setttngs may be used. This will 
reduce the speed of rending btit w i l l  provide slgnal averaging 
o v e r  longer time tntervals.  
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( d )  T u r n  o f f  the Transmit Power switch whenever possible,  t o  con- 
serve battery power. 

( e )  Successive m i l l i v o l t  readings on the Receiver may vary up to 
a few percent, especial ly i n  the presence o f  large natural 
earth potential noise. These readings can be averaged. 

(€1 For readings below 10 m i l l i v o l t s ,  take a repeat reading Kith 
the potential t n p u t  cables reversed and average the results .  
The 2390 system i s  destgned to cancel out unwanted natural 
earth  potent ia ls ,  b u t  a t  low signal levels the cancellat ion 
may not be q u i t e  complete. The averaging step can improve 
the cancel la t ion. 

( g >  If the system f a l l s  out o f  synchronization w l t h  the synchro- 
n i z i n g  cable connected, t h i s  condition w i l l  be displayed by 
the O u t  o f  Sync l i g h t  coming on. 

( h )  The synchronizing cable - can be removed a f t e r  synchronization 
has been completed, The Transmitter and Receiver can then be 
operated i n  complete isolat ion from each other,  up to several 
hundred meters apart i f  desired. The system w i l l  retain 
synchronization for several hours, although more frequent re- 
synchronization would be desirable.  
I f  the system f a l l s  out of synchronization during isolated 
operation, the only clue w i l l  be unexpected or e r r a t i c  
readings. Thus the operator should be a l e r t  t o  such 
readings. The s tate  of synchronization can then be checked 
by temporarily reconnect hng the synchroniztng cable 
In general,  the system slioufd be operated with the synchro- 
n i z i n g  cable i n  place whenever convenient, 

( i )  The current c i r c u i t  and the current electrodes have h i g h  
voltage on them d u r i n g  transmission. Take a l l  safety pre- 
cautions to prevent anyone contacting them when the Transmit 
Power s w i t c h  is on. 

( j )  I f  the milliampere reading i s  zero,  one of the current 
electrodes [MY be disconnected. If the m i l l i v o l t s  reading 1s 
zero o r  e r r a t t c ,  one of the potential  electrodes may be 
disconnected. 

(k) I f  excessively h i g h  resistance i s  encountered a t  the current 
e lectrodes ,  the Transrnltter may be unable t o  produce a f u l l  
2 0  milltamperes of ciirrent,  o r  even a f u l l  LO milliamperes. 
The f i r s t  step to remove the d i f f i c u l t y  should be to push the 
electrodes deeper i n t o  the earth. Usually a few centtmeters 
or tens of centimeters will s u f f i c e ,  b u t  sometimes a f u l l  
meter may be needed. 
Alternatively o r  i n  addition, the soh1 around the electrodes 
can be molsteried with plain or s a l t  water. 
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(1) K f  excessively h i g h  resistance is encountered a t  the poten- 
t i a l  electrodes,  the potential readings may become e r r a t i c .  
The simplest way t o  check whether t h i s  condftion e x i s t s  fs t o  
temporarily connect the potential electrodes to the 
Transmitter and perform the same t e s t s  as above. U s u a l l y ,  
however, the potential electrode contacts w i l l  be sat is fac-  
tory whenever the current electrode contacts are sat ts fac-  
tory. 

(m) Multiple Receiver units can be used from the same 
Transmitter. A l l  must be synchronized. 

(n) The optional Btson Model 2 3 9 0  Test Box serves a use€ul func- 
t i o n  for  trouble shooting. When trouble i s  suspected, a 
reading can be taken w i t h  the Test Box. Most f i e l d  troubles 
or iginate  external t o  the 2390, as €or example broken cables 
o r  defective connections. 

( 0 )  The optional Bison Model 1400A Stripchart  Recorder can supply 
a continuous record of  earth potential  versus time. T h i s  
w i l l  show the actual  potentials  which are betng averaged by 
the 2390 Receiver. It  can display the magnitude of  the noise 
from natural earth potentials.  It may reveal the cause of 
e t r  a t i c  read i ngs . 
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VLI.BATTERY MAINTENANCE 

1.  2390 RECEIVER 

The 2390  recetver uses a 1 2  v o l t  1200 mA hour rechargeable nickel 
cadnium battery pack. The battery pack i s  o f  sealed construction, 
contains no free e l e c t r o l y t e  and requires no servicing o r  main- 
tenance other than recharging. The battery w i l l  have a useful 
l i f e  for many cycles of discharge w i t h  normal use and care. 

When f u l l y  charged, the battery 1s s u f f i c i e n t  for approximately 10 
t o  15 hours of continuous operation. T h i s  w i l l  considerably 
extend the operating time before rechatgtng.  The s t a t e  o f  the 
battery can be determfned at  any time by turning the range switch 
( 6  i n  Figure 7 )  t o  the Ratt. Test position. The d t g i t a l  readout 
w i l l  then display the battery voltage i n  volts .  

A f u l l y  charged battery w i l l  give a voltage reading of 13 .0  v o l t s  
o r  tnorg2. When the voltage €ails as low as 12.0 volts, the opera- 
t o r  should watch for e r r a t i c  readings and recharge the battery as 
soon as possible.  Operation of the tnstrument should cease t f  a t  
a n y  time the battery voltage f a l l s  to 11.5 v o l t s  or l e s s .  

Ensure that the 2390 receiver  is turned o f f .  The battery charger 
can then be connected to e i t h e r  100-120  Vac o r  220-240  Vac at  
50-60  hertz.  Make c e r t a i n  that the battery charger is s e t  f o r  
-_. the voltage level  being supplied, i .e .  115 o r  2 3 0 .  
the bat tery ,  p l u g  the battery charge accessory supplied w i t h  the 
2390 receiver i n t o  the charger i n p u t  connector on the side of the 
2390 rece iver  case,  Normal charge time is 16 hours or over night 
between f i e l d  sessions (. 

- ----- 
To recharge 

2 .  2390 TRANSMITTER 

T h e  2390 transmitter uses two 1 2  v o l t  5000 mA hour rechargeable 
lead acld battery packs. Each battery pack consis ts  of c e l l s  that 
are sealed i n  cases that prevent a c i d ,  actd vapor and water 
leakage. Since the hat ter ies  can he operated during their normal 
l i fet lrnc without toss of water, o r  even during coritirlous 
overclidrge, no water o r  e l e c t r o l y t e  checks are e v e r  required. The 
l i € e  of the b t t e r i e s  W I L L  be a function of the following 
variables:  depth of  diichdrgc, ternprdttrrt? dnd rhar::ing rdte. 
W i t h  normdl use the iiseful l i f e  w i l l  be 500 t u  2000 cycles o r  
discharges . 
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The battery voltages should be kept at  1 1 . 5  v o l t s  or higher. If 
the voltage f a l l s  below this  l e v e l ,  e r r a t i c  operation may resul t .  
The solution i s  t o  recharge the battery or to use an external 12 
vo 1 t power source. 

Battery l i f e  in the f ie ld  i s  dependent upon the time that the 
Transmit Power is on and, most s i g n i € i c a n t l y ,  upon the Current 
Range position. The higher positions use s ignif icant ly  more power 
and more quickly discharge the bat tertes .  

The s t a t e  of the batteries can be determined at any time by 
switchLng the meter se lector  switch t o  the battery positfon ( 2  i n  
Figure 6 ) .  The d i g i t a l  readout w i l l  then display the hattery 
voltage i n  volts .  

Ensure t h a t  the 2390 transmitter is turned off. The battery 
charger can then be connected to e i t h e r  100-120 Vac or 220-240 Vac 
a t  50-60 hertz.  
voltage level  - being supplied, i . e .  115 o r  230. 
b a t t e r i e s ,  plug the battery charge accessory supplied w i t h  the 
2390 transmittter  i n t o  the charger i n p u t  connector on the side o f  
the 2390 transmitter case. Normal charge time i s  1 6  hours or over 
n i g h t  between f i e l d  sessions. 

-- Make certa in  t h a t  battery charger is s e t  for the 
To recharge the 
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size: probe 6.3 DIA x 2 8 . Z  (an) 
rPSIrhR 21W x l3D x 16.M (art) 
stowed2lWxL3Dx24H(cm) 
cable 80 cm lcxrg (32") 

( 242  x l l-1/4") 
(8-1/4 x 5-3/16 x 6-1/2") 
(8-1/4 x 5-3/16 x 9-1/2") 

- -  
to 1/2 d time - 

recharne the, max'c-14 hours. 3 tyurs to 90% of full charge 
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“I1ABLE 1 (continued) 

Designed to withstand the shock and abuse to which -le instnsmts 
are often subjected. The readout is housed in a ttx, piece dLtrnrinun case, 
and finished with a solvent resistant baked acrylic textured paint. 

The probe is fabricated fmm extruded al- sections and machined 
plastic. 

The probe and ~eadotft are of a IIL3dLLLar d e s a  allawing rapid servicing 
and/or replarn;wt of m e a l  and electrical cOmpanents. All cDdule 
interwlring includes quick discararects. 

nraintwance 
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2.1 upcking 

L Q d c  the instrunent carefully and reuuve the housing, the probe and any 

spare parts f r a a  the shipping cartan. Place the htrunent an a table or bench 

w i t h  the label a t .  Rem3ve the top section of the instru3Ent by opening t h  

trJ0 fasteners on the cover (see figure 1). ';he inner panel of the top section 

 an be 

mslt mntainS tis battery charger 8nd a waist strap. 

by pulling up on the fasteners. The tap -ti- of the ins-- 

The waist smap clips an 

to the strap brackets 

Befare attaching 

to & sure it is in 

probe is located just 

(see figrae 2). csrefullymatch the Aligrment Key in the+ cmnecmr to 

tbe 12 pin cormector on the cclnml panel, and then twist  tbe probe axmecwr 

tlntfi 8 distbt  gnaP and is felt. 

Attached to the fnsaNment is a warranty card &ich sbould be filled out 

q l e t e l y  and returned to "U System. 

2.2 meratim 

, 

'ftzn the functim switch to the battery check position. 'Lhe needle ~l tbe 

Ineta should read w i t h i n  QT 

the needle is in the lawler portion of the battery arc, t b  instnrment should be 

rechaqedpriartomakFnganyreasmmmts. IfredIEDrrrrpsm, thebattw 

should be recharged. 

the green battery arc an the scaleplate. If 

5 



Next, turn the fmcticn switch to the rn positim. In t h i s  positim 

the W light -e should be on. 

the -le glow of the Lamp. 

Look into the end of the probe t o  see 

A brief description of the instrmmt controls and functims is sham 

in Figure 2. 
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Figurn 1 /Continued) 

Inner Panel 

instrument Cover 
(for rtorsge of probe 
and m r )  
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Figure 1. Un-ing the Photoionitsr. 

a 



control 

six Position switch 

span Potentiapeter 

EATERY aEcK - kdicates the Cmditim of the 
battery. If needle positial is in lmer 
paxial of green battery arc, the fnsau- 
Gwt should be rechglrged. 

srcIM3By - uv larrp Is off but electrmics are m. 
This position w i l l  co~lserve power and e x t d  
the useful opexating tirpe between recharges 
o f  the battery. This p o s i t i m  is also uti- 
Lized to adjust the electra'zic zero. 

RAN22S - 0-20, 0-200, 0-2000 direct readirtg ranges 
available at minim3m gain for benzene. %re 
sensit ivity is available by adjusting the 
span potentirmeter. 

A ten tran cumting potentiaPeter is utilized fur 
upscale setting of the ~ t e r  cn c a l i b r a m  gas. 

dq (40 tines). 'ibis pot can increase the SB)- 
sitivity to make the instnmrent direct reading fior 
nearly any gas dxich the insmmmt respands to. 

cQmter-clo&&e rot€Ltial increases the semiti- 
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. 

Figure 2 Control Panel Functions 

\ 
Lour Battery indicatw 
LighttLED) STANDBY 0-2000 

I 

Sensitivity 
Adjustrsaend 

Hi -Wtage 
Interlodc 

ZERO 

0 
-SV 

@-- 

W 
RECOROER 

CNO 

\ 

Ranges (Ppm) 3 
\ M i a n  

switch 

'12 Pin tnterfacei Connector 
between readout unit and 
-. 
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To zero the instnmmt, tran the fmcticm switch to the standby psi- 

and rotate the zero poten-ter until the meter - zero. Clodwise rota- 

tion of the zero po-ter producs 8n upscale Qflection while wuntercldc- 

wise r ~ t a t i a ~  yields a downscale deflecticm. Note: no zero gas is needed, 

this is an electranfc zero adjustrrrent (see below). If the span adjustment setting 

is changed after the zero is set, the m should be rechecked and adjusted, if 

-88ry. wBitl5or2osecandstoensraett.ratthemreadingissmble. If 

The instnmpnt Is naw ready far dibration or-t by switching 

-8ar~1, readjust the zero. 

the functim svitch to the Pmper-t range. Ihe lnstnmglt is supplied 

alibrated to read directly in ppn (v/v) 0-20, 0-200, 0-2000 of benzene with 

the span positicn set at 9.8. 

istxmed- 'e(nrrwl lernmhrs)to lncressethegain .  Bychangirrg 

For additimd. sensitivity, the span potentiCrmeter 



A small Dc operated fan is used to pull air ttaough the p b t o i m i z a t i a n  

sensor at a flow rate o f  t h e e  to seven hundred centizPeters per minute (ca. 0.5 

"he fan prwides nearly instantaneous response times (Figure 3) while 

cmsudng little m. Ihe characteristics of a fan are such that it cannot 

tolerate a s i g u i f i a t  pressme &up without affecting the flm rate and there- 

fore ei- the instnment reading or resp~lse -. Since p b t o i o n i z a t i m  is 

essmtially a nondestructive technique, changes in flcrw rate do not affect the 

s Q ~  but if a large pressure drop is trposed at the inlet of the probe, the 

-le may not reach the sensor. 



TABLE Il l  

VERIFICATION OF ELECTRONIC ZERO FOR 
PHOTOIONIZATION ANALYZER. 

Room Air 

Room Air P d  Through 
6" x 3/4" OD Charcoal 
SUllbtXW 

Zwo Air 

Zero Air PIIoped Thrwgh 
6" x 3/4" OD Charcoal 
saubber 

0.25 

0.W 

35 

5 

12.5 

2 

Maximum Gain = 2 ppm full scala + 



Chmid Grouping 

TABLE IV 

RELATIVE PHOTOlONlZAllON SENSlTIVITlES* 
FOR VARIOUS GASES 

Aromatic 
Aliphatic Amine 
Chlorinated Unsaafratsd 

carbonyl 
Unsaturated 

Sulfide 
Paraffin (C547) 
Ammonia 
Paraffin (C14IS) 

10.0 Benzene, Toluem, Styrene 
10.0 Diethylamine 
5.9 Vinyl Chlorider Vinylidene Chloride, 

5.7 MEK, MIBK, Acetone, Cyclohexene 
3-5 Acrolein, Propylene, Cyclohexene, 

Allyl Alcohol 
3 5  Hydrogen Sulfide, Methyl Mercaptan 
13 Pentane, Hexane, Heptane 
0.3 - 
0 Methane, Ethane. . . 

Trkh ior0a)rylene 

Sensitivities in ppm (v/v). 
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The instnrnent was designed to lpeaslae trace gases m e r  a cancentraticn 

range fran less than 1 ppn to 2000 pp. Higher levels of variocls gases (to per- 

centage range) can be - but the reocmpenQd procechpe is to dilute the 

-le with  clean a i r  to a cmcenmatia~ of less than 500 ppn. Thfs is generally 

dthin the fineat range of the fnstrurrazt and if the usamred cancentratim is 

dtfPKed by the dilutim ratio the correct cmcentratim in the str- can be 

If the probe is held close to %power lines or power transformers, an 

error may be o b s k .  Fur -g~wts made in close proximity to such it-, 

theFr effect an meat3ur-t~ cacl be determined by the follaWing procedure. Zero 

the ins-t Fn an electrically quiet area, in the standby position, then m ~ v e  

the instnment to the questionable area involved. EAC pickup is going to be 

a p b l a a ,  the meter (in the standby position) wfll i d b t e  the uqnitude of 

the w. 

The instrument: is eqdpped w i t h  an azunatic solid state battery protection 

circuit. when the battery wltage b p s  below 'L I1 volts, t h i s  circuit WFU. 

aUtauaWly nnn off the ptxrxz to the instrupent. This prevents deep dis- 

charrging of the battexy and considerably extends the battery life. If the instru- 

=t is mintantfanally left on overnight, the battery will be unhamed because 

of the battery protectian circuit. E the instnmrent battery check reads law 

and the laq doesn't fire, plug the dlarger into the instrLnEnt. The p0w.r to 

the analyzer should then be returned. 

16 



To charge the battery, place the mini phate plug into the jack QI left 

side of the bezel priar to plugging charger into 120 VAC. When diswnnecting 

charger, remsve fran UO VAC before rgLDving m i n i  phme plug. The battery is 

ccnpletely recharged wemight (a. 14 boras). To ensure that the charger is 

fiactiaring, turn the functicm switch to the battery Check position, place 

p h g  into jack and plug charger into AC outlet. The mter should go upscale if 

cttarger is working and is m a y  inserted into the jack. 

Ihe instnment can be aperated during the rechasge cycle. ZWs will 

kngtkn  the time required to axpletely recharge the instrunwt bam. 

17 



Figun 4. Typicrl Calibration Cum for Photoionization Analyzer. 
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, Figure 5. Recommended Calibration Procedure for Photoionization Analyzer 



The dibratign gas* should be prqared in the matrix (&, nitrogen, 

m m ,  etc.) in which it is to be rrrasUred, otherwise an inaccrnrate reading 

may be obtained. Ihe increased response which is seen in men free gases c ~ p l  

be attributed to a reducticm in  ti.^ quenching of i a w  by men (actually 02-> 

and is typical of my ializatim detector. ?he guenching effect of corygen is 

, 

-tant fran abalt ten percent o2 to very Mgh levels. 

If a gas s e d  prepared in ni- is to be used for-emnts in 

air, f i l l  a 0.5 or 1 l i terbageth  the s- then add H) or 100 cc of ppe 

wen to king the 1-1 to lo-m. 
Any errar betxe€zl this value and zmqgen is quite smnl. 

If the sapple to berneamped is in nitrogen, s+anrlarln stpuld be prepared 

in nitrogen. lhis w i l l  result in m increase in sensitivity of -d~ 

4 .  
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The detectim principle of this portable instrupent is photoianizatim. 

AwideMlrietyof 

with t h i s  tecbiqxe. Pbtoimht t ia~  (with % 10 ev phot-) applied to the 

analysis of trace gases in a i r  can elimfnnte -t Fcn foxmation (signah) 

fmn the major -ts of a i r  yet s t i l l  d l h  the imizatim of many 

ities of interest in incfustrfal aamspheres. This is damstrated by the Ifst- 

ing of 

potentials for the msjor cmpanents of air. In addition, the choice of a suffi- 

and  sa^^ -c CCX1POI;PIC1S canbemeasured 

ptmtia&* fn Tables V-XVII. Note the high (12 eV) i0ni.zatf.m 

ciently Low imlizatial energy often pemits the selective imi.zation of ale or 

two caqxments in a carplex &as akture.  

W h i l e t h e i m  potential serves as a LDugh guide to whether or not 

a resparse is obtained, it doe not predict h t  the quantitive respmse acmaUy 

give a response. In these as-, bmver, fhe reSpaRge is usrpafly Low because 

of its low ionization efficiency at 10 eV. A partial list o f  actual relati- 

sensitivities obtained w i t h  a photoiarFzatiar analyzer is giwn in Table XVIIZ. 

The use of the tables should allerw a detexnination of the specificity of the 

h-t in a given application an mmy incbtrfdl processes; this instnrpent 

rngy not respcavl to the starting materials or by-products but wfll respand to a 

product. An example of this is seen in the -2 chlortde mnuner plants there 

neither ethylene or d i c h l u r o e m  is detected but vfnyl chloride is detected. 

w i t h  tantial 10.3 ar 10.4 eV' 

* zanizatim potartid is defined as the energy required to an electran an 
i n f i n i t e  distance fran the r n ~ ~ l e u s  or =re simply, the energy required to pro- 
duce a positive ion and an electron. 
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READOUT UNIT 

J 

Meter 
Rdou t  

D 

PROBE 

Figure 6. Block Di-m of P m M a  Photoionization Anrlyar. 
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A block diagran of the major caqments of  the photoimizatim analyzer 

is sham in Figure 6. The instnrpent is separated into units fntercamected 

by lailticonchu=tor electnical cable. b probe contains a fan far mrring the a i r  

into the sensor, the ultraviolet l a q  which is ignited by applyFng a DC voltage 

be- the anode ad catbode, the farizatiar. -which cmm a pair of 

electrodes and is adjacent to ttae hap, acbd a sigpal q l i f i e r .  'Ihe phot- 

(% 10 ev> which are emitted fran the lamp pass t imu& a W transmitting window 

and into the imizattfon chaaber where absorption of the W radiation by a m l d e  

W h i d l h a s a n ~  * potential o f  LO eV or Less WFll Lead to ion fannation via: 

24 
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Figure  7 .  E l e c t r i c a l  Block Diagram of Photoionization Analyzer 

I 
I 

Gas - 

1 

w Exhaust 

L + * O  L - 4 5 0  -- 
'ROBE 

DC-DC 
Cornreter 

common 

19 - 10 VDC 

Fan Voltage 

21 -16 VDC 

? 

* 

12 v 

READOUT ASSEMBLY 

-0 -- -- -- 
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TABLE V 

SOME ATOMS AND SIMPLE MOLECULES 

H 

C 
N 

0 
Si 

S 
F 
CI 
Br 

I 

"2 . 
w2 
02 
CQ 
C 

NO 
cn 

F2 
c12 
6'2 

OH 

IP (OV) 

13.596 
11.264 
14.54 
18614 
8149 
iam 
17.42 
1301 
11.84 
i a a  
15.426 
15.580 
12075 
14.011 
15.13 
9.25 

11.1 
13.18 
15.7 
11.48 
10.56 

IP (OV) 

9.28 
15.77 
1274 
11.62 
10.38 
12.34 
1379 
11.18 
10.08 
1290 
9.78 

1280 
1259 
la46 
9. 
9.14 

1391 
13.8 
iai5 
9.840 

1298 

26 



TABLE VI 

PARAFFINS AND CYCLOPARAFFINS 

Mokarb IP ( O W  

1298 

1 1.65 

1 1.07 

10.63 

10.67 

10.35 

10.32 

1435 

10.18 

10.12 

1q0b 

10.06 

10.02 

10.08 

9.86 

10.06 

10.53 

9.88 . 

9.85 

27 



HBr 

mahyl bromide 

dibromometham 
tribromomahano . 

CH8r2Cl 
ethyl bromide 
1,ldibromoahane 
1 -broma-2-chioroethane 

CH2BrCI 

TABLE VI1 

ALKYL HALIDES 

1274 
11.48 

1298 
11.28 
11.35 
11.42 
11.47 
10.98 
11.12 
10.82 
1a78 
1a87 
1a85 
10.67 
1Q65 
iam 
10.81 

11.62 
1a55 
10.53 
10.49 
10.51 
10.77 
10.59 
10.29 
taw 
10.03 



TABLE VI1 (Continued) 

, 
Moiecuie IP ( O W  

lais 
10.075 

10.07 
10.13 
9.98 

1QOB 
9.89 
lalo 

1438 
828  
9.54 
9.34 

933 
0.26 
0.17 
921 
9.m 
0.18 
9.02 
9.19 

15.7 
15.77 
11.77 
1231 
1291 
1245 
1 Q67 
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TABLE VI1 (Continued) 

11.07 
11.98 
11.99 
11.70 
10.75 
10.83 
10.00 
1036 
11.84 
9.96 
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TABLE Vlll 

ALIPHATIC ALCOHOL, ETHER, THIOL, 
AND SULFIDES 

MolscuJe 

H20 
methyl alcohol 

ethyl alcohol 

n-propyl alcohol 
Lpropyl alcohol 

n-butyl alcohoi 
dimethyl ether 

diethyl ether 

n-propyl ether 
Fpropyl ether 

*2S 
methanethiol 

ethnethiol 

1 -propanethi01 

1 -butanethiol 
dimethyl sutfide 

ethyl methyl sulfide 

d i e y l  sulfide 

di-n-propyl sutfide 
I .  G 

IP lev) 

7 2.59 
10.85 

1448 

tam 
10.76 

10.04 

10.00 . 
9.63 
9.27 

9.20 

10.46 

9.440 
9.285 

9.195 

9.14 

8.685 

8.55 

8.430 

8.30 
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co2 

TABLE IX 

ALIPHATIC ALDEHYDES AND KETONES 

formaldehyde 

aamildehydo 

propionaldehyde 

mbutyraidehy de 

isdwtyraldehyde 

n-vslmldeh ydo 

isowieralde h ydo 

auoiein 
crotonaldeh yde 

bOfddehyd0 

acetone 
sa 
methyl *propyl ketone 

methyl i-propyl ketone 

diethyl ketone 

methyl n-butyl ketone 

methyl *-butyl ketone 

3,Mimethyl butanom 
Zmtanme 

cyciohexanorre 

2,3.butanadiono 
2,4pentanedione 

VdWentanOrrO - 

13.79 
10.87 
1 a21 
9.98 
9.86 
9.74 
9.82 
9.71 
iaio 
9.73 
9.53 

9.69 
9, 
9 3  
9.32 
9.32 
9.34 
9.30 
9.17 
9.33 
9.26 
9.14 
9.23 
8.87 



TABLE X 

ALIPHATIC ACIDS AND ESTERS 

Molecule 

C% 
formic acid 

acetic acid 

propionic acid 

n-butyric acid 

isobutyric acid 

n-valeric acid 

methyl formate 

n-propyl formate 

ethyl fwmate 

n-butyl formate 

isobutyl formate 

methyl acetate 

ethyl acetate 

n-propyl acetate 

isopropyl clcetste 

n-butyl acetate 

isobutyl acetate 

oec-butyl acetate 

methyl propionate 

ethyl propionate 

methyl n-butyrate 

methyl isobutymte 

IP (eV) 

13.79 
1 1.05 

10.37 
10.24 
10.16 

10.02 
10.12 

10.815 
10.61 
10.54 
10.50 

10.46 

10.27 
10.1 1 

10.04 

9.99 
10.01 
9.97 
9.91 

10.15 
10.00 
10.07 
9.98 
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"3 
methyl amine 
ethyl amino 
n-propyl amine 
&propyl amine 
rrbutyl amine 
i-butyl amine 
sbutyl amine 
t-butyl amine 

dimethyl mine 
diethyl amino 

dECpmpyI amine 

trimethyl amine 
triethyl amim 
trtn-propyl amine 

TABLE XI 

ALIPHATIC AMINES AND AMIDES 

f m m i d e  
acetmick 

N-methyl acetamide 
N,Ndimethyl formrrmido 

N,Ndimethyl acabmide 
N,Ndiethyl formamido 

N,Ndiethyl acetamide 

i a i 5  
8.97 
8.80 

8.78 
872 
8.71 
8.70 
a70 
864 
8.24 
8.01 
1.84 
7 3 3  
7.  
7.82 
7.50 
7.23 

la25 
9.77 
8.90 
9.12 
8.81 
0.88 
am 



TABLE XI1 

OTHER ALlPHATlC MOLECULES WITH N ATOM 

nitromethane 

nitroethane 

1 -nitropropane 

2dtropropane 

HCN 

acetonitrile 

propionitrile 

rtbutyronitrile 

acrylonitrile 

Sbutenenitrile 

ethyl nitrate 

n-propyl nibate 

methyl thiocyan8te 

ethyl thiocyanate 

methyl ioothiocyanstc 

ethyl irothiocyaate 

11.08 

10.88 

10.81 

10.91 

13.91 

1222 

11.84 

11.67 

10.91 

10.39 

11.22 

10,065 

9.89 

9.25 

9.14 
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TABLE XI11 

OLEFINS, CYCLO-OLEFINS, POLENES, ACEWLENES 

10.51 5 

9.73 

9.58 

9.23 

9.13 

9.13 

9.50 
9.12 

9.51 

8.67 

9.43 
9.07 

&845 

9.01 

8.946 
8.9 1 

8.93 

7.99 

11.41 

10.36 

10.18 



TABLE XIV 

SOME DERIVATIVES OF OLEFINS 

Mdecule 

vinyl chioride 

cisdichloroeth ylene 

trans-dichioroethylene 

trichioroethy iene 

tetrachloroethylene 

vinyl bromide 

1,2-dibromoethylene 

tribromoeth yiene 

S&lOroprOpene 

2,3dichioropropane 

1 -bromopropene 

3-brWnoprOp€tM 

CF3CCkCCICF3 
M 5 f  11CFeFz 

acrolein 

motonaldehyde 

mesityl oxide 

vinyl mettry1 ether 

allyl alcohol 

vinyl acetate 

9.995 

9.65 

9.66 

9.45 

9.32 

9.80 

9.45 

9.27 

10.04 

8.82 
9.30 

9.7 

10.36 
10.48 

10.10 

9.73 

8.08 

8.93 
9.67 

9.19 
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... 

TABLE XV 

furan 
2-methyl furan 

2-furaldeh yde 

tetrahydrofuran 

dih ydrop yran 

tatrahydropyran 

thiophme 

2ch lorothiophene 

2-bromathiopherre 

pyrrole 
pyridine 

2-piseline 

3-picoiine 

Qpicoline 

2,Slutidine 

2,4lutidine 

2,blutidine 
. .  

HETEROCYCLIC MOLECULES 

8.89 

8.39 

9.2 1 

9.54 

8.34 

9.26 

8.860 

8.6% 

8.63 

8.20 

9.32 

9.02 

9.04 

9.04 

8.85 

8.85 

8.85 
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benzene 

toluene 

ethyl benzene 

n-propyl benrsne 
i-propyl benzene 

n-butyl benzene 

*butyl benzene 
t-butyl benzene 

0-xyiene 

In-xylene 

P X Y l r n  
mesitylene 

d u m  

stY=.gne 
cr-methyl styrene 

ethyny Ibenzene 
napthdene 

1-methylnapttralene 

2-methylnaphlene 

biphenyl 

anirok 
phenetole 

bema ldeh yde 

acetop henone 

benzenethiol 

phenyl isocyan8te 

TABLE XVI 

AROMATIC COMPOUNDS 

9.245 
8.82 
8.76 
8.72 
8.69 
8.69 
8.68 
8.68 
8.56 
8.56 
8.445 
8.40 
8.095 
8.47 
&35 
8.8f5 

8.12 
. 7.96 

7.955 
827 
&50 
822 
0.13 
9.53 

0.27 
8.33 
8.77 
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TABLE XVI (Continued) 

Mdwls  

phenyl isothiocyanate 

bentonitrile 

nitrobenzene 

aniline 

f luoro-benzene 
chlor&enzene 

bromo-benzene 

iodo-benzene 
odi&lorobenzene 

mdichlorobenzene 

pdichlombemene 

l-drl~2-fluorobentem 

l-chlom3.f l U O r Q & t l Z ~  

l-bromo-4-fluombemem 

O-fhJSrOtOlUerW 

mf suost3toiuene 

p-fluorotoluene 
o-drlorotoluene 
mdrlOrot0iU~ 

p-chlorotolume 

O-bromotolucwrs 

m-bromo toluene 

p-bromotoluew 
0-iodotoluene 

m-iodotoiume 

piodotoiuene 

bemoaif luoride 

o-f luorophenol 

8.520 
9.705 
9.92 
7.70 
9.195 
9.07 
8.98 
8.73 
9.07 
9.12 
8.94 
9.155 
9.21 
8.99 
8.91 5 
8916 
8785 
8.83 
8.83 
8.70 
8.79 
8.01 
8.67 
8.62 
861 

8.50 
9.68 
8.66 
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TABLE XVll 

MISCELLANEOUS MOLECULES 

Molecule 

ethylene oxide 

propylene oxide 

p d  ioxane 

di methox ymethane 

diethox ymethane 

1, I-dimethoxyethane 

propiolactone 

methyl disulfide 

ethyl disulfide 

diethyl sulfite 

thiolacetic acid 

acetyl chloride 

acetyl bromide 

10.565 

10.22 

9.13 

10.00 

9.70 

9.65 

9.70 

8.46 

8.27 

9.68 

1q00 

'11.02 

10.55 

10.46 

10.58 

10.79 

11.7 

9.08 

11.77 



TABIE XvTZz 

RELATIVE SEXS- FOR VARIOUS GASES 
(10.2 eV Laup) 

u . 4  

u. 2 

10.0 (reference standard) 

10.0 

10.0 

9.9 

9.7 

8.9 

7 .1  

7 .0  

.P 
6.0 

9.7 

5.7 

5.1 

5.0 

5.0 

4.5 

4.5 

4.3 

4.3 

allyl alcobl 4.2 



TABLExVnI (continued) 

Species 

mineral s p i r i t s  

2,3-dichloropropene 

cyclohexe!ne 

crotmaldehyde 

acrolein 

pyridine 

hydrogen sulfide 

ethylene dibruxide 
\ 

n-octane 

acetaldehyde oxke 

hexane 

phosphine 

allyl chloride (3-dhloropropene) 
e t h  lene 
ethy 5 ene oxide 
acetic anhydride 

a pinene 

dihramchhropmpane 

epichlorohydrin 

nitric Oxide 

8 pinene 

citral 

armrxlia 

Photoionization 
SasitiViw 

4.0 

4 ..O 

4.0 

3.4 

3.1 

3.1 

3.0 

2.8 

.2.7 

2.5 

2.3 

2.2 

2.0 

1.7 

1.5 
P . 0  
1.0 

1.0 

0.7 

0.7 

0.7 

0.6 

0.5 

0.5  

0 .3  
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acetic acid 

nitragen dioxide 

methane 

acetyl- 

ethylene 

0.1 

0.02 

0.0 

0.0 

0.0 
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If problems occ1p: while using the photoicnizatiCn analyzer, it is 

recanuznded that the folla(ring &leshootlng guide be follawed before 

carsulting the factory. 

5.1 General Aid to  F d t  Deteradnatian 

checkbattexycmditim. Rechargeifaecesaary(Sectim2). -the 

instrurrent QI. Lpdc into the -le Inlet of the tnit. A *let c o k e d  

glw fmn the W light ~ c e  should be observed in aU p s i t i a s  of the& 

switch v t  the s t d b y  psi-. 

probe cable or electrical Crnnecticn d d  be the problan. To check, b l d  the 

watch the meter for flue- as 

If unstable readings are obtained a faulty 

p b e  TylrmBuy d flex the cable fin3lly. 

the cable is stressed. 

similar way. check the coaxial camectur al the qlifk board in the p b e .  

S n d i W  wires in the rea&ut can be checked in a 

In the mre sensitive ranges, a flucn;ratian in the read@ be noted 

if a hand or other Large object is placed in very close pmDdmity t~ the probe. 

zhis is normal for the insmmmt BndwiLl not result in an error in thexwsure- 

nmt as lay as the probe is held statiaszywhile themegsraement is being taken. 

f f t h e p r o b e i s h e l d c l o s e t o  A C p m e r l i n e s c r r p c r w e r t r a n s f ~ a n e r r ~ r  

. 45 



5 . 2  M s a s s d l y  of Tnstrurmt 

PROBE - TLnrra the function switch to the OFF position and disc-t 

the probe camecar from the readout unit .  Ranove the exhaust screw f d  

near the base of the probe (see Figure 8.) Grasp the end cap in m e  hand and 

the probe shell in the other, and gently pull. to separate the end cap and Lamp 

housing fran the shell. -sen the screws on the top of the end cap and separate 

t h e d c a p a n d i a l ~ f M u t h e l a m p a n d ~ h r x l s i n g .  Carermstbetakm 

90 that the Fcn chamber doesn't fall out of the end cap and the l a p  doesn't 

slide out of the hsq housing. Turn the end cap over in ycrra handand tap al 

the top of the lamp housing and at slightly; the Light scnacewill slide out 

of the housing. The amplifier board can be r d  fran the Lapp housing ass- 

bly by msnapping the coadal  ccmnection and then reamhg the retaining screw. 

t h e t a p o f i t ;  t h e i o n c b & e r s f r a r l d f a l l . o u t i n y o l a h a n d .  Placeonehandover 

To reasdle t h i s  mit ,  first slide the la;p back into the lamp housing. 

Place the loa cbuber 8n tap of the llanp busing, cheddng tomake sure that 

the cantacts are p-mperly ngignPrl. Placg the end cap (XI tap of the im chjmber 

ews. S A e S c r  to seal 

the"0"ring. D o m m m .  KneupthepfnsmthebaseoftheLaop 

b i n g  w i t h  the pins inside the p b e  shell. Gently slide the housing assanbly 

into the probe shell. DO the a s s d l y  into the shell as it only fits 

Remove the accessoq pawrrr jack plug. -sen the screw ~1 the bottam of the case 

and, holdfng the instnmrent by the bezel, remove the case. The power supply board 

and control panel san be rBPDved wcrdng scr- and w nuts. Tbe entire 

panel, including the function switch, zero and span pots is r d  in t h i s  operatiw. 

Electrically discurmecting this W e  is simple, since all connections are made 

with %lex cmrlectors. 

/ e  



\ 
12 Pin Connector 

Exhaust Screw 

End CapJ 
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Coaxial 
Connector 

I 

DC Fan 

Figure 9. Component Pats of Lamp Housing. 
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5.3 Specific Faults 

1. Ho mter reqmse in any switch position (including BAIT W) 

A. B r o k e n m e t e r ~ t  

(1) Tip htrunslt rapidly f r a n  side t o  side. Meter needle should 
mve freely,  and r e m  to zero. 

B. ElecpiCa connection t o  meter is broken 

(1) check all wires leading to  meter and clean the cOntacts o f  
quick-discornsects. 

C. Battery is campletely dead 

(1) Disconnect battery and &e& voltage with a mlt-ohn meter. 

E. 

all others 

If none of the above solves the problem, consult the factory. 

2. Meter responds in BATT position, but reads zero or near zero for 

(1) check PaJer supply voltages per Figure 11. If any voltage is out 
of specification, consult the factory. 

B. Input transistor or anplifier has failed 

(1) b a t e  zero cmtrol; meter should deflect u p / h  as mtrol is turned. 

(2) probe. ~0th transistors should be fully s a t e d  in socke~s 

hput signal carnectian broken in probe OT resQut c. 

(1) check input connector m printed circuit board. 

(2) (heck ccaponents on back side o f  printed circuit board. All cannections 

(3) check a l l  wires in teadout for sou c!cmEcticxls. 

should be firmly 
pressed dam. 

sharld be solid, and no Wires shaild touch any other object. 

3. Instnnrent respcnds correctly in BATT CMC, AND SITBY, but not in measdng mxle. 

A. Check to  see that light source is on (See General Faults sectian.) 

(1) check high voltage p m e r  supply (see Figure 11). 

(3) If high voltage is  present at aI.1 above points, right source has mst 
l ikely failed. -t the f=tory* 
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4. InstruIwt responds correctly in all positions, but signal is 1- than 
expected. 

A. 

a. 

C. 

D. 

E. 

F. 

check span setting for correct d u e .  

Clean window of light source 

Double check preparation o f  standards. 

Check power supply 180 V output. See Figure 11. 

check for proper fan operation. See Figure 11. 

btate span setting. Response should change if span pot is wdcing 
PrOperlY. 

See Section 3. 

check fan voltage. 

5. Ins-t respunds in a l l  switch posit*, but is noisy (erratic mter 
mrranent) * 

A. @en circuit in feedback circuit. 

B. Open cfrcuit in cable shield or probe shield. Cansult the factory. 

hs-t respanse is slow and/or irreproctucible. 

A. Fan operating bpmperly. &e& fan voltage. See Figure 11. 

B. (hck dibratign and aperatim. See Sections 2 and 3. 

Consult the factory. 

6. 

7. Luwbatteryindicaw. 

A. 

B. 

Indicator cases on if battery charge is hw. 

pndfeator also - m if imizatfcn voleage is too high. 
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Battery 

Bracket 

/ - \  
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1. 

. 2. 

All voltages measured with probe connected and instrument 
mode switch in BAT1 CHK position. 

AI I measurements referred to ground (pads 2,3 and 27 1 except 
pad 21 measured to pad 19 and pad 8 to pad J J .  

/ Pad8-11 to 
-14 Volts 
Battery Voltage 

I Pads 21 to19 (21 low side) 
(4.5 to 5.5 Volts) 

/Pad 17 
+180 to +181 
Volts 

Pad 18 
+18 to +21 
Volts 

-Pad 20 
-9.5 to-18.5 
V d t S  

Figure 11 Power Supply PC Board 
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Part No. 

00004A 

1oooO5A 

' (36007A 

1 4  

m2oA 

,30074 

Assembly 

Robe ? shell A s s d l y  

Ionchamber 

FadUght Sorace Housing 

Asplifier Board 

Fan 

Light SoCace (10.2 ev> 

'V' Ring K i t  

btterg 

Meter 

chargezr 
Pcwer supply u t  

case_ (both M-) 
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101-300 

101-301 

101-320 

101-350 

101-351 

101-500 

Chart Paper, far portable recorder, 6 rolls.  

Audible Alarm, 85 decibels, adjustable 0 to 100% of full 
scale on any range. 

caubratian Gas cylinder, contains 
aJx (300 isient for 4 - 5 0  

23 liters of span gas in 
mlibrations. (4" r f i t e r  

tor, for use w i t h  rnlibratian gas cy-, I O Q l  101-350 
mdth gauges for reading both cylinder pres== and flow. 

cleaning cumound, for remving deposits fran windm of W lanp 
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SECTION 8 
PI-101 RECORDER ASS'Y - 
INSTRUCTIONS 

8-32 X 3/8 
FLAT HEAD 

\ 

I STANDBY 0-2000 

SPAN 

@ ZERO 

0 

ACK TIP JACK 

STRAP SUPPO 

FLAT HEAD 
2 PLACES 

I I 

-RECORDER 
BRACKET 

ilzTIs: - 
1. Rmwe strap support on right side of PI-101 w e .  

. i h t  recorder bracket between case i i  strap suppart using 8-32 X 3/8 long screws supplied. 

3. lhmt recarder to bradket using 8-32 X 5/16 screws supplied. 

Corrnect harness to plug m rear of recarder. Insert power plug into receptacle 
side of case. 
tip jack a~ PI-101 front panel,. 

Insert red pin plug into red tip jack and black pin plug into black 
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SECTION 9 

WARRANTP 

IINU Systems Incorporated warrants that all items d e l i v e r e d  under t h i s  o r d e r  

Vi11 b e  free from d e f e c t s  i n  material and workmanship when used under normal 

o p e r a t i n g  condi t ions .  " U ' s  l i a b i l i t y  hereunder shall be  l i m i t e d  t o  t h e  repair 

o r  replacement of t h e  articles a s c e r t a i n e d  t o  b e  d e f e c t i v e  w i t h i n  one (1) year 

after d a t e  of shipment (except  t h a t  t h e  l i g h t  source  warranty is l i m i t e d  t o  

t h r e e  (3) months and does not include breakage,  and b a t t e r y  warranty is limited 

to t h r e e  (3) months), provided,  however t h a t  t h e  Buyer s h a l l  g i v e  n o t i c e  t o  "U 

w i t h i n  t h i r t y  (30 )  days after d i s c o v e r y  o f  such d e f e c t i v e  material and provided 

f u r t h e r  that all d e f e c t i v e  material b e  shipped prepaid t o  t h e  RNU p l a n t  w i t h i n  a 

r e a s o n a b l e  t ime from t h e  d a t e  of d i s c o v e r y  o f  t h e  d e f e c t  and during such warranty 

period. After t h e  r e p a i r  o r  replacement ,  H E T U w U l  s h i p  t h e  s a i d  item t o  Buyer, 

transportatfoa charges  prepaid,  t o  any p o i n t  i n  t h e  hired S t a t e s  t h a t  Buyer may 

des ignate .  

THE FOREGOING IS TEIE SOLE OF ENU'S WARRANTY AND NO OTHER 

STATE31ENTS OR WARRANTIES, EXPRESSED OR DIPLIED, SHALL BE HONORED. 

UNDER NO C I R W T A N C E S  SHALL HNU BE SWJECT TO ANY LIABILITY FOR 

SPECIAL, AJCIDE"UL OR CONSEQUENTIAL DAMAGES. 
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, -  

Publications on Photoionization Available from HNU Swtamr 

(1) Driscoll, J. N. and P. Warneck, 'The Analysis of ppm Levels of Gases in Air by Phot* 
ionization Mass Spectrometry," J. Air Poll. Cont Assoc. 23, 858 (1973). 

(2) Driscoll, J. N. and F. F. Spariani, "A New lnmument for Continuous Monitoring of 
Odorous Sulfur Compounds," presented at the ISA National Meeting, N.Y. (Oct 1974). 

(31 Drbcoll, J. N. and F. F. Spszkni, 'Trace Gus Analysis by Photoionbtion" prcmrnted at 
the ISA Analysis Instrumentation Div. Meeting, King of Russia, Pa. (May 1975). 

(4) Photoionization Detector for Gas Chromatography," presented at the Pittsburgh Cod. 
on Anal. Chem. and Spectroscopy, Cieveland (March 1976). 

Requests for these papen should be sent to: 

- PuM'htions Department 
HNU Systems Inc. 
30 Ossipee Road 

Newton,MA ai64 
USA 

- 

.. 
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'Ihe follcrwing changes to the htructian MBnual should be noted for 

a l l  &del 101 Photoicnizath Analyzers equipped w i t h  11.7, 9 .5  eV light 

sources, or calibrated Q). species other than benzene. 

page 
3 Table I 

€JJI€: Gain settings listed apply to 10.2 eV lap. Different 
gain settings are used w i t h  other Lglps. Cansult factory. 

I 3  Table It1 

WE:  Data obtained using 10.2 eV lap. 

14 Table N 

WE: Data obtained using 10.2 eV laplp. 

18 - 4  

WE: Data obtained using 10.2 eV l ap .  

24 

25 FYgure 7: Far the 9.5 eV light suxrce, the lmp voltage changes to *so volts. 



ADDENDUM A 

t o  

Instruction Manual 

for 

Model PI 101 

PHOlOIONIZATION ANALYZER 

ION CHAMBER CLEANING PROCEOURE 

A1 though the technique o f  photoionization i s  not sensitive to moisture, 
some electronic instabil ity can be seen i n  the 101 portable analyzer as 
the result of excessive moisture. 
expected, the possi bl e causes, and sol utlons : 

The following chart l ists the symptaus 

Symptom 
Possi bl e 
Cause Sol utlon 

-- 

Loss i n  sensitivity Condensation on Avoid extrane 
instrument window tauperature changes 

Zero dr i f t  Condensation on 
polarizing electrode 

Ace1 imtf ze in- 
staanent to environ- 
Bent 

m 

Ion chamber i s  
dirty 

Clean ion chamber 

To clean the ion chamber: (See Section 5.2) 

Remove the ion chamber. Remove a l l  four screus, suing screen aside, and pull 
out the mesh. 
move deposit . Using a Q-tip, gently clean the chamber with methanol to n- 

5ry i n  a vacuum oven at  90°C for 2 hours. Reassemble. 
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Similar foreign certlfiutions have been obtained, in- 
cluding BASEEFA and Cerchr approval for Group IIC, 
Temperature Class 1 4  and equivalent approval from the 
Japanese Ministry of Labor This requirement is 
especially significant in industries where volatile flam- 
mable petroleum or Chemical products are manufac- 
tured, processed or used and for instruments which are 
actually ussd in poNble surveying and in analyzing 
concentrations of gases ana vapors. Such inrtruments 
must be inuprble, under nom1 or abnormal condi- 
tions, of musing ignltion of Me hazardous atmospheric 
mixtures. In order to maintain the certified satety, It is 
import.nt th.1 the premutions outllned in this manual 
be practiced and that no modlfbt)on be math to these 
i-. 

Sections 1 through 6 herein wply to the b.ac instru- 
ment. Section 7 conWnr information relative to options 
which are av8il.bk and which may or may not have 
been punh.ssd wlm your OVA. 

ll is highly recommended ttut the entire manual be 
read betore operating the instrument. tt Ls os8enti.l that 
rll portions rabting to aafmty of opention and 
rrulntonum, Inc(udlng SoctrOn 5, be thoroughly 
aJwommd. 

1 NTROD U CTlON 
The Century Model OVA-128 PoNble Organic Vapor 

Qnalyter (OVA) is a hiQhly sensitive instrument design- 
2 to measure trace quantities of organic materiais in 

air. It is esseml~lly a hydrogen flame ionization detector 
8uch 8s utilirsd in laboratory gas chromatographs and 
h.s similar uvlytical capabilities. The flame ionization 
detector is .n almost universal detector for organic 
compounds rith the sensitivity to analyze for mom in 
the parts per million range (VIV) in air in the presence of 
moisture, nmOgen oxides, urbon monoxide and Ur -  
ban dioxide. 

The insnufnent has bro8d application, since it has a 
continuous, ctremiully resistant air 6ampling syrtem 
and u n  be w i l y  uiibmted to measure aimost all 
organic vapom. It has a single linearly amled retadout 
from 0 ppm to 10 ppm with a X1, XlO, XloO range switch. 
Designed for use as a poNbie survey instrument, It can 
aiso be readily adapted to fixed remote monitoring or 
mobile instalktions. It is ideal for the determination of 
many organic &ir pollutants and in the monitoring of air 
in potentilly contaminated areas. 

The OVA-128 is certified intrinsiully 8afe by Factory 
Mutual Resserch Corporation (FM) for use in Class I, 
Division 1, Grwps A, B, C & D hazardous environments. 

81m PACK ASSEMBLY 
\ 



CENTURY SYSTE 

SECnON 1 



1 .d SECTION 2 
DETAILEDOOERA~NQ PROCEDURES 
2.1 GENUUL 

Tho procadurn In mis HcHon am brokon into ffw 
P.m: (1) Smlng, (P Omrating, (3) Shut Down, (4) Fud 
Rofllllng. and (5) 8att.y Chuging. A f t u  tuniliulutlon 
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i r c r s m m n  ~ w t  swim - mt. 3 maition toq- 
910 ~ t c h  tuma am Jl Inatrumt oIoc!rkd 
p o w w 0 x ~ M . p u m p M d d u m  DomrMd 
aJ#mta disgL.y oltha b.tt.y-0- 
dltlonm t)H ndou tw .  
WMP (owxm swim - mia toggio swim 
turns on pow to tha ifvtwul pump and audto 
aiuma 
1gnit.r Swim - Thia momcmtuy puah button 
SWWI conneela power to tho ignitor coil in th. 
dotoetor chunbu and sirnultmooualy dlacon- 
noas powor to pump 
CAUeRATE switctl (hnge ~ o c t o q  - mir 3 
pos~tion toggle s w i m  wkctr tho dosvod 
range: X1 (0.10 ppm): XlO (0400 pgm); XlOO (& 
1 .OOO porn). 

homotw is used to "Z.CO" tho inrtrumt. 

turn did readout potentlomator sots th. gun of 
mo instrument commonly roforrod to u span 
conttol. 
Recorder Cunnoctor - This 128 W e s  w i n  A m  
phon01 connector is u r n  to connoct tho instrv 
mont to an oxtomd monitor with the fotlowing 
pin connoctlons. 

CAUBRATE AOJUST (ZWO) Knob - Thia pot- 

GAS SELECT Knob (m control) - Thia t- 

Pin E - plus 1ZVOC 
Pin H -Ground 
Pin A - Signal 0-SVDC (OVA-118 Only) . 
Pin 8-Slgn.l0-5VOC(WA-llmly) 

Recharger Connector - This BNC connactor IS 
used to connoct me eattey pack to Me battw 
rechugor assembly. 
HZ TANK VALVE - Thtr CnM is u s m  to supP(Y 
or ~ 1 0 s .  off tho tu04 supply hMn tho hydrogen 
tank. 

2.3 STARTING PROCEDURE 
23.1 INlllAL PREPARATION FOR USE 
23.1.1 lNlnA1 ASSEMBLY (Roferenco Figure 1-21 

(1) ~ o n m c t  me djustabio length probo to MO 
R . d o u t  A ~ ~ b l y  wim tho captive locking 
nut. Ensure that m. p r o m  is seated firmly 
in tho Readout Assotnbly. 
S.tm the doatred ptcckup Hxturo md check 
M# a putlcio filtor is InsWIod. 

(3) Conrwcr tho prckup n m r e  to me pro& us- 
ing th. knurtd lockrn~ nut. 

(4 tho umbilW cord and s8mplo 
norW to th. Sldo P 8 c k  A a m b i y .  

(1) cjndr to onaura th.t a putlcto filtor IS in- 
ttJW In th. cioso uu sunpior. 

(2) con- mo ciaso M. urnpior dirady to 
mo W t  Auemeiy. 

(3) Corrrnct tho umbilical cord .nd mph 
hom to ttm Sido P8ck Assornbly. 

a) Nomu Survey Configuration 

e) 9 * 0 0 #  SUWOY config~rrttm 

2.3.1.2 smaw 
8) hull-: dry hydrogon can nOrm8lly k 
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b) 

C) 

2.3.1.3 

pnch.sed locally or In a high gmde from the 
Uameson Company of Emt Ruthelford. New 
. k m e y .  The nuximum Instrument supply bottle 
pressure Is 2300 WIG. A hlgh pressure 
hyemgen filling hose assembly Is provided wlth 
the instrument. This assembly include8 the 
proper flttings for me Instrument and supply 
bot!ie, and a threwnfay fllilbfeod vatve. Initial 
W r n g  and subsequent refilling. using the Con- 
tmy high pressure filitng hose, should be ac- 
oompiished in accordance with me det8lted in- 
Ibuctions described in Section 2.6 of thl8 
m u a l .  
8.Lwy Chock Move (NSTRISAR Test Switch 
to the BAI? posltion and ensure battery Is 
ch.rged by reading me indlcrtion on tho 
&out meter. 
-: Standard factory allbmtion Is per- 
t#mcrd using mbthano In air. fhe GAS SELECT 
(span) Control I8 set and locked to tho po8ition 
lor urlibmtion to mth.m (hctory wtting is 
34)). If the lnatument is ullbmted for other 
organic vapors, the mading on the GAS 
SELECT Control must be sot tor that partlwlar 
ugor. 

SAFETY PRECAUTIONS 
hr t . i n  safety precautions must be foliowed in ustng 

the lnrtnment. Hydrogen Q&s, when mixed with air, is 
highly fmrunable. Operating and refueling instructions 
ahouid be strictly tollowed to ensure safe, reliabk 
ope-- Section 5 of the manual provide8 detailed 
safety pr#rutionr. 

2.3.2 N R N  ON PROCEDURE 
The W SELECT'control 8hwlU be preset to the 

desired dkml lndiutlon prior to turn on. The proceclure 
for detemintnlg this -in$ is mtained In Section 4 d 
this mud. The instrumon!, 8s rocetveU trom the he- 
tory, is #rt to mewure 6n terms of mem8ne in air. 

Move the lNSTR Swltch to ON and allow five 
mnrptegi fer warn up. 
To set the audible a k n  to a predettennlned 
6mm6, t int turn the PUMP Swftch to ON, men 
djust me meter minter to the de8tr.d &nn 

using the CALIBRATE ADJUST (zero) 
Knob. Turn the Alarm-Level Adjust Knob on the 
b.ck Of the Rsi.dout A-mbly until the .udlble 
a r m  just comes on. MjuM speaker volume 
wRhV0LUME Knob. tf m- 18 U W ,  plug 
h and f6adju.t the VduM U ck.imd. T M  i* 
W m e M  i8 thOn WMt t0 W t O  
when the kwel exceeds ltmt of tho W n g .  
Move me CALIBRATE swttch to x10 and d j u d  
me meter reading to zero rvlm the CAUBRAtE 
ADJUST (zero) Knob. 
En8ure the PUMP Switch Is ON and &ewe tfm 
sAMPlE FLOW RATE IndiUtOr. lndiUtiOn 
drould be approximately 2 units. 
Open H2 TANK VALVE one (1) turn and obaem 
Mte reading on the H2 TANK PRESSURE In- 
-tor. (Approximateiy 150 psi of presaurs is 

&ed for oach hour of operation.) 
Open H2 SUPPLY VALVE 112 to 1 turn and 
observcl me muling on the H2 SUPPLY 
PRESSURE tndlutor. 

f) 

C A m  
Do not l u v e  H2 SUPPLY VALVE open 
when the pump is not running. as this will 
allow hydrogen to accumulate in the detec- 
tor chamber. 

g) Confirm that mate' is still r d i n g  zero (readjust 
H requlmd). 

h) Depress igntter button. There will be a slight 
"pop" as the hydrogen ignites a d  the meter 
pdnter wlli mow up8ule of zero. immediately 
after Ignitlon, retuse the Ignlter button. Do not 
dopro88 igniter button for more thm 6 seconds 
If burner doas not Lgnlte, let in8trument run for 
8evet.l minutes and try w i n .  After ignition. 
tho meter pdnter will tndiute me background 
concentmtion. This background level is nulled 
out uslng the CAUBRATE ADJUST (zero) Knob 
Reference pamgmph 6.2.5.1. 

UBTE 
Since the OVA utilites the 8ample atr drawr 
by the pump into the detector chamber as 
the only source o f  air to suppon thc 
hydrogen flyne, wtthout adjustment the in 
.trUment will rod the actual brckgrounc 
concentmtkm (ppm) of all hydrourbon: 
pm.ent at a ghnn loution. 

Move instrument to an area which Is represen 
Wtive o f  the "lowest ambient brckgrour 'm 
centmion" (cle8nest air) to bo suweym iv( 

the CALIBRATE &witch to X l  and adjusr t h c  
meter to ryd 1 pgm with tho CALIBRA= AD 
JUST (zero) Knob. 

I) 

m 
nt ia 41 ppm (Rthar ah.n 0) i! 

noc8888fy h the X l  nnge bemuse of thc 
8en8Mlvlty of me OVA. "his permits rninc 
downward fiuctwtion8 In the  norm^ 
hdcground level without dropping boio\ 
0, which would actuate the tkme-out akrrr 
tt is import.nt, therefore, to remember du 
lng the wbmequent survey that1 ppm mus 
k .ubtmctmd trom all wings .  Thereforc 
a 1.8 ppm fading would rctrully be only 0.  
9om. 

J) t f t h . . k m , l o v a i k t o b e w t ~ t h @ n o m  
 round d.t.ction Ilnr.l, turn tna A k n  
Lavd Adjust Knob on ths kdt of the Readoi 
AIwmMy untll It -1.r slightfy abov 
background. 
W E  INSTRUMENT Is NOW R U D Y  FOR USE. 



SHUTDOWN PFIOC€DURE 
n o  follomng procodurn should bo followed for shut 

d w n  of tho inarumont: 
Cloao HZ SUPPLY VALVE, 
Clo80 H2 TANK VALVE 
Movo WSTR Switch to OFF. 
Wut  5 seconds md movo PUMP Switch to Off.  
INSTRVMENT IS NOW IN A SHUT OOWN CON- 
FlGURATION. 

FUEL REnuNO 
Tho bnstrurnmt should bo cornplotsly shut 
down as dosccrtbd in SUtiOn 2 5  horoln dunng 
hyd- turk rofiiling OD.mtlOn8. Tho refilling 
shwm bo don. in 8 vontllated arm. Thoro 
stvow k nopotmntw ignlt.rrorfbno in tno 

If you Ne nuking tho flnt filling of tho instN- 
mont or it m. filling msm hu beon rliowec~ to 
fill wrin air. tho flillng hoao should bo purgod 
wim ~2 or HZ pnor to filling m. inrtrumont tank. 
This plrging is not roquirod for submquent fill- 
ings. 
The fiRng hoso aasembly should be left att8cb 
ad to me hydrogon supply M k  when possible. 
Ensum that me RuIBLEED Vaiw on me ~ n -  
strurndsrt end ot mo no80 is in mo OFF posttion. 

uy 

a 

h) 
i) 

2 7  
a) 

-thr - to th. nfltlcalnutmon th. 
s#.QrdrA.rumb(r. 

th. h y b o g a n  rupoly botch nhn Jlghtty. 

VAAYEoc) th. 1-t pm7.l and pkt. th. 
RU~EKEEO v ~ n  th. fining txma -my 
in th. FIU go~tkrr. Th. pru8un in th. in- 
mwrttHk will now k Indk8t.d on Uw W T A M  
Pmssu#Indk8mr. 

tho AvlU VACM oc) th. pun(. tho 
FIUIBLEED vwo CUI th. niiing m u  mmrnuy 
and th. hydrog.cr wp9lytmttIovJn. 
Tho hydmqon rrclo9.d in th. hose atmu# nor 
k#.doitto8mmphwc pfu8uta. CAUTKm 
mou# k u8ul in thk apomtion ud.mlkd 
in Sho (Q) k)ow. ana how will contain 8 
slgnlfttvlt mount ot hydmgu~ at hrah 
m m .  
Tho h o u  Is Mod by turning tho RUIELEED 
vava al th. filling how rucnnbty to th. 

atmowwk prouuro, MO RUIBLEED Vaivo 
should bo turn- to mo R U  position to dlow 
tho hydroqw -pod In me connoctlor, fittings 
to go into tho hoao a88ombly. mm, .gun, turn 
mo RUIBLEED v.lw to mo EJLEED poritlorr 
me axtuu.1 tho tnpg.d hydrogm. m- turn 
mo FIU/BLEEO v.hn to OFF to keep mo 

mat 8t M. timo of tho noxt filling more will k 
no u r  tr8pp.d in me filling Ilno. 
ClOm M. H2 TANK VALVE. 
With HZ TANK VALVE md the I42 SUPPLY 
VALVE cio8od. 8 snuli amount of HZ at high 
prea8un wll bo proaont in tho regukton and 
plumbing. bu a i..k check,  o e s m  mo cI2 
TANK PRESSURE lndkrtor whilo the n 
mu- of me systom 18 shut down urd ensuro 
mat mo preasuro indkatlon does not go down 
Paprdly. indieattry 8 significant 1a.k. It it does 
docremo rrprdly (greator mm 350 PSIC-lhr.), 
thoro is 8 scgntHunt Io& in tno H2 suppiy 
SY8tOfn. 

BAITERY AIXHARGING 
Plug chugof 8% connector into mating con- 
n w r  on battory cover and insert AC plug into 
115 VAC wail outlot. Novof chargo in a huu- 
dour 8roa or mwronmont. 
MOW mo brttory charger switch to mo ON POSC 
tion. tho iigm .bow r n ~  swttcn button should 
iilumlnUo. 

crurgo condition is indicated 8y mo 
motor on MO front p8n.l of the chugor: motor 
will doflut to tho right whon chughg. Wh- 
fully chargod, mo pointor will b. in lino with 
'mugod** -or rbov. the sui.. 
Approximately on. hour of charging tlmo i8 re- 
qutred for each hour of oporatlon. HowOvOf, an 
ovomtgnt charge is recommended. Tho 
chargor can bo left on indefinitely without 

th. REnU VALVE nd th. cI1 TANK 

ACkrth.1-t hrJt.nk I8flW. Wall 

pOUtrOn. A R U  th. how I8 8lOd down tO 

hyd-w\ 8t On0 8tmosphOfO in the ho80 SO 
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damaging the batteries. When ftnlshed, move 

noct from the Stde Pack A8SOmbly. 
the b.tteV charger Swttch to OFF and di-w 

nm ldlahg u. rg.cw I n m l J d r n ~ t O  bat- - - have boon . I M  to o o m p k # Y  
-. 

It hu been establ18hed that the above httery 
mchugtng procedure8 may not be 8ufftcient when the 
operrtor of the Instrument ha8 Inadvertently left the IN- 
STR Switch ON for a period of tlme wlthout rochrglng 
and r l iow~d me battery to 00mpkt.ly dlsch8rge. 

When thrt -pens and the above procedures fall to 
W~VQO the httew, the following .hou# be a e  

Fbmove the bmttery from the in8trument use. 
carnsct to any variable DC power supply. 
W y  40 volt8 at 112 8mp maximum. 
-we the meter on the power aupply tra 
quently and 88 scion as the battery bagtm to 
drrw current, reduce the voltage on the power 
q l y  at a stow m e  untll tho meter reads .p. 

to mcch the 15 vott mading will depend on 
dsgree of dlrchuge. 
Rspeat steps a), b), c), and d) above to continue 
ch.rging. 
DC CHARGER 
The option81 DC charger I8 designed to b t h  
m e  the battery and to provide power for 
operating the In8trument trom a 12 voit DC -. 8UCh 88 *hick power. 
Connect the DC charger cord to the connector 
on the battery cover of the Side Pack 
Aswmbly. plug the llne cord Into the vehicle 
ciguetie lighter or other power 80um c o n w  
m. 
lm moMb .pplicatbns, the DC charger Is u& 
to supply vehicle power to the Instrument. 
W e f o r e ,  tt m y  be left connected at all times. 
WFK;BAL  ALTERfNG 

p lmimr i tO ly  15 -8. NO=: l?W tlm W U h d  

sUuurRlFaOPERATlNaPROCaWREs 
3.1 aENERAL 
The proadurea preaentd In this section u e  intmnb 

ed for use by pononml gemmIIy famlliu with th. 
operaSon of the instrument. Sbdlon 2 premnts tho 
-ive detailed operating pmcedur88. 

IS - 8 U d  th.t. prior mff Up the w8ltiOnE Of 
swltches and nlves are In shut down configuration as 
eescribed in paragraph 3.3. 

START U P  
MOVO PUMP Swttch to ON and check b.' 3 

condttion by moving the INSTR Swltch tc 
BATT podtion. 
M M  INSTR Swlteh to ON and 6llOW five (5) 
minutes for w a m p .  
Set Ahnn Lmml Mjurt  Knob on back of 
-&ut Ausmbly to de8ired level. 
Set CAUBRATE Swltch to XlO porition, use 
WERATE Knob and set meter to road 0. 
Move PUMP SwWh to ON porttion then w e  
Ln8trurmnt p.mI In vertical porttion and check 
SAMPLE FLOW RAE lndlutton. 
Open tho H2 TANK VALVE and the c(2 SUPPLY 
VALVE. 
Dopress Igniter Button untll burner lights. Do 
not 80pr.rr Ignltor Button for more than six (6) 
..conds. (If burner docs8 not Ignite, kt inrtru- 
mnt mn for 8mmnJ minuter 8nd 8galn m m p t  
&nitton.) 
U.e CAUBFUTE Knob to ''20ro" out ambient 
b.ckground. For maxlmum 8enrittvtty below 10 
ppm, Bet CALIBRATE Switch to X l  and readjust 
uro on m e r .  To avdd Wse %-ut alarm 
Indication, wt meter to 1 ppm wRh CAUBRATE 
Knob md make dtffer8nti.l roadlng8 from 
thoro. 

SHUTDOWN 
ClOM the H2 SUPPLY VALVE 8nd the c(2 TANK 
VALVE. 
Mow tho lNSR Switch and PUMP SwV 
OFF. 
Instn~mont know in shut down configuration. 

3 

SECTION 4 



," 

FIGURE 4-1  - LOCATION OF ELECTRONIC 
ADJUSTMENTS 
(Model OVA-1 1 8  Shown; location typical to OVA-1 1) 
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origlnal The concentration in ppm ( V I V )  will be equal to 
me rumple sue in cc divided by the volume of the bag in 
liters times 1oQo. For example, a 10 cc 98s sample when 
placed in a 160 liter bag win provide a sample of 63 mm, 
r.e..10X100011(50egwls63 ppm. 

1.3.3.3 GASEOUS AND LIQUID SAMPLES (Alternate 

Obtain a hve (5) galion glass bottle and determine Ita 
volume by me8suring the volume of water needed to fill 
t (use of a la00 ml gmduated cylinder, obtainable from 
ickntifc a m y  hOUbOS, is convenient). Another 4+ 
prorch is to weigh the empty bottle, fill It wlth water and 
weigh &gain. The dlfterence between the two values is 
he weight of mter. By multiplying the weight of water 
n pounds by 0.555, you obtain the volume of the bottle 
tn Iltets. Empty the water out and allow the bottle to dry. 
Pkce O m -  pisC@ Of plutic tubing in th0 fk8k to aid 
n mixing the mpors uniformly with the air. The VduM 
Df 8uch l b0tS0 8hould be .bout 20 IWf8, which I8 a,- 
mi. tftho v o t w  were 20,OOO ml, &en a 2  ml umpk of a 

pbcd in tho bottle wouM be oquhnlent to200 ml 
per 2 mlllkr, ml or lo0 ppm (VIV). Uae of a g8s tight ayr- 
Ingo, rmachbb in 0.a ml, allows the preparation of mlx- 
turns in the 1 - 2 ppm range, which are sufficient for the 
quantitative aimation of concentntions. A rubber 
stopper Is ko+ely fitted to the top of the bottle and the 
Wle of the ayringe placed inside the jug n e c k  and the 

pper 8qgucsered against the needie to deem888 
&age during 88mpk introduction. Inject the wmple 

into the bottle and Wkhdnw the IWdle Without mmoV- 
Put the stopper in tight and .hake the 
minutes with sufficient vigor thrt the 
the bottle moves wound to ensure 
e vapors wtth the dr. 

For liqud samples, UMI of the following oqubon will 
!Ow the crltulation of thg number of microliten of 

organic llquld neec)ed to be placed into tho battle to 
nake 100 pprn (VIV) of vapor. 

Mahod) 
. 

Vl - Vo&me of lhquid In rnlcrdwn modad to m8ka 

M - VokmeofbottleInIlten 
an air mlxhrm of lo0 ppm (VIV) 

MW - MObCUkr Wight of BUbrtm# 
D --ltyot8~- . 

This procedure has the edv8ntage th8t you a n  
when all of tho q n i c  liquid has vaporized and the 
rolume CM be daermlned nrdily. 

For liquid m p i e s ,  an altemcrte procedure Involves 

de.crlbad by Deaty, Geach and W u p  In "gU 
3wmatogqihy*@, R.P.W. Scott, ed., Ac8demicR.u. 
WWYO*lml. 

4.4 THEORY 
Theomid background and ernplrbl dmta rdd.d to 

.he Century Organic Vapor AMlflOr la presented In 
4.4.1 8ftd 4 . 1 2  

tho r)m o f  * diffU8iOfl diiution dwlW 8UCh .I -1 

4.4.1 HYDROCARBONS 
In gener8l. hydrogen flame ionization detector is 

more sensitive for hydrocarbons man any other class of 
organic compounds. The response of the OVA varies 
from compound to compound, but gives axcell 
repeatable results with all types of hydrourbons; i 
aaturated hydrocarbons (alkanes), unsaturated 
hydrocarbons (alkenes and alkynes) and aromatic 
hydrocarbons. 
The typtul relative response of various hydrocarbons 

to Mth.ne is as follows: 

W i v e  Reapon80 (percent) 
100 (reference) 
64 
6l 

100 
05 

200 
150 
120 
90 

4.4.2 WHER ORGANIC COMPOUNDS 
Compounds containing oxygen. such as alcohols. 

OthorS, ddOhyd@S, Urbolit =id and OStOrS give 
.omcmrh.t bower maponm t h n  ttut obsened for 
hydrourborur. This Is mrticukrly noticsrbk with those 
compounds having a high ntlo of oxygen to urbon 
8uch 8s found in lower members of each wries 
which have only om, two or throe carbons. Wlth corn 
pounds containing higher numbers of carbons. tho ef- 
feet of the oxygen I8 diminiahed to auch an extent th8t 
the r a w  is aimikr to mat of the correspondb-- 
hydrocubom 

Nitrogon-containlng compounds (Lev, aminea, 
mldes and nltrlka) nrpond in manner aimikr to that 

pounds also .how a lower mktlve response as com- 
p.d wrtttr hydtocrfbms. M.teri.ls containing no 

te6rsclhloride, give ttre lowest 
rrrpon8e; tho pfo80no~ of hydrogen in the compounds 
rnultb in higher mWv8 re8ponaes. Thus, CHCls gives 
a much h4gh.r ro8ponsa th.ndoo8 CCk. A8 In the other 
-8, *rh.n the cubon to hrlogen ratio is 5:l or 
gmater, tho nrpome will be rlmllar to that observed for 
aimple hydrocubons. 

The typrur nlattva ruponaa of mrlws compounds 
tomaturnkutollow8: 

Mah.M 100 (orllbmtion umple) 

Aacrtocw do 
M.thYl.thylk.(ocw 00 
Methyl IIOkrtyf kotono 100 

15 
25 
ds 

ObBOfVd for O X y Q O M t d  m f ' h l S .  khlogeMted COm- 

Komna 

Aloshoh 
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SEC77ON 5 
SA- -0ERATImS 
5.4 GENERAL 

been tasted 8nd certified by Factory Mutual Resamrch 
Zorpomtion (FM) 8s intrlnslully safe for use tn a s s  I, 
Division 1, Groups A ,  B, C i% D hazardous atmospheres. 
Simikr foreign certlfiutions have W n  obtrined, in- 
cluding BASEEFA and C0rch.r .gprov8l for Oroup IIC, 
;empernure -8s 1 4  on the Models OVA-lO6,OVA-128 
md OVA-lS .  and equivalent apprwrl from the 
Jlp.nase Ministry of m o r  for the Model OVA-128. 
Special m o n s  must be strictly adhered to, to en- 
sure ths wrtifiution to not invalidated by mctions of 
mmting or &M per8onnel. 

All fbme -tion hydroc8rbon detectors are poten- 
tk l l y  huudous since they bum hydrogen (HZ) or WZ 
mixtures in the detector cell. Mixturn of H2 and air are 
Ibmmabh over a wide range of concentmtions whether 
an inen gas such as nltrogen (N2) is present or not. 
Therefore, the recommended preautions and prcb 
cudures drDu)cl be followed for maximum safety. Safety 
#msiderrtions was a major factor In the design of the 
Organic Vlpor Arulyzer (OVA). 

All connectws are of the permanent type 8s oppo8ed 
to quick disconnect. To protect 8g8inst extern8l ignition 
of flunnubk gas mixtures, me fkm detection 

I tl~lo anastom on me ~ m -  
exmust ports u wll as on me I42 inlet 

rd battery p lck  and other drcults 
limlted to an intrinsically ufe 

The M-~S OVA-108, OVA-128 and OVA-138 have 

5.2 OPERATING, SERVICING AND MODIMNG 
ft is imperabve th8t operation and 8ervice prowdures 

bed in mis manual be t.mfully followed In 
to maintain the intrinsic safety which k built Into the 
OVA. Ne mobmatton to (h. lrutnrmant b p.nnlufbk. 
Them%sre, wmponent repkcemsnt must be .c- 
Conaplim PrttR the 88me type P.M. 

5.3 ELECTRICAL PRoTEcTloN 
The t2V bmttery power supply clrcuit Is current limlted 

to an intrinsblly u f e  level. Fuses we not utllked and 
811 current Pmlting resistor8 and other components 
whlch are critical to the ufety certlflutlon are e- 
capsulated @ prevent inadvertent repkwnent wlth 
components of the m g  Wue or s~l f icrr t ion.  Under 

ad. 

5.4 FUQ SUPPLY 6 TANK 
The OVA fuel tank has a volume o f  75 to 8!5 cc WMCn, 

when fllkd r, the muclmum rated m u m  of- PSIG, 
holds approximately 518 cuMc foot of v. 7’he frnl ursd 
in the OVA b pure hydrogen which can be m t l y  pur- 

tank u#d In the instrument am mado from rtalnless 
&eel. w s t e d  to 8,000 PSlG mnd 1009c produCtlm 
tested t04- -0. 

f’t0 dfCU-8 should th0 O - U h t h  bo 

e &I a highly pure fOm, a1 n0miMl colt. tho 

5.5 G2 FLOW RESTRIGTORS 
Hydrogen gu 0.lnr heat when exprnding and. 

therefore, rhould not be raptdly released from a high 
pre8sure tank to a low pressure environment. Flow 
restricton are incorporated in me H2 refill fltting anc - 
is restricted on the output ride of the tank by the 
flow rate control system. In addition, a rpecial flow 
restrictor is incorporrted In the FlLLlSLEED valve of the 
hydrogen filllng ho8e M8Ombly. These precautions 
limlt me flow mte of the H2 to prevent ignltion due to 
8eIf-twt from expansion. 

5.6 D€ECTOR CHAMBER 
The OVA h88 a rmrll fbme ioniution chamber u v l t y  

wlth sintered metal Wme arrestors on both the input 
mnd output ports. The dumber is ruggedly constructed 
of teflon 8uch that even If highly explosive mixtures of 
H2 and air u e  lnutvertentty crated in the ch8mber and 
Igntted, the chunkr would NOT rupture. 

5.7 H2 RUNG AND EMerYlNG OPERAnONS 
Pmcurtionr should be taken during H2 filling or H2 

t8nk emptying operations to en8ure th8t there are no 
8ourcos of ignMon tn the Immediate arm. Since me in- 
strument tank a! Po0 PSfG holds only 518 cu. ft. of H2, 
the total qwnttty. If rebased to the atmosphere, would 
be quickly dilutad to a non-fkmrruble level. There is, 
howewr, the po88iblltty of generating flammable mix- 
tu- in the Imm+dl.te vidnity of the instrument during 
the filling or omptytng opcsmtions if nom1 a r e  Is not 
exoreisad. 

5.8 VENTING 

trmpping an expbo8ive mixture of H2 and air incridt 
Um. 

The OVA c@se k vented to eliminate the posslbillty of 
’ 



SECTION 6 
MAINTENANCE 

6.1 GENERAL 
This -on descrtbes the routine rrulntenance 

scheduie mcommenbed and provtaes procedures tor 
trouMe r)rooting rrultunctiom or idlutes in the instre 
rnent. 

AppeWix "A" to th)s manual cont8tns the 88wmbly 
dmwngs d m8ocmed pam li8t for the Side Pack 
A8mmbty d two mrrjor s u ~ m b l i e t :  the Electronic 
Componsrff A88embly and the Cylinder Assembly. 
Theme drawings and p.ns llsts may be used for louting 
and MmUfying components. Also Included In Appendix 
"A" Is 8 m m 8 t l c  wiring dlagmm showing intercon- 
necting between major M r o n i c  U8efnblktS 
and typlcJ signal Wels at .elacted polnts on the cor- 
tlfied fnstnmenCcr. The enc)osed dmwlngs and part8 
I18ts M .ubject to ch8nge wlthout notice and part 
r- on m y  certified Instrument 8hould be 

ted" mq-nt. 
verified * comply wlth the "no modifiutions permit- 

CAUTION 
Wnarunce personnel rhould be thoroughly 
kmllS wfth Instrument operation before perfom 
ing mrintenancs. n is aa8entkl that all portion8 of 
this rmnual relating rn ubty of opemtlon, wnlcing 
and nulntenance, Including Sectlon 5, be 
w h l y  understood. There rhwld be no poten- 

tial lgdtenr or Hame in tho arm when filling, ampty- 
Ing or purging the hydrogen system m d  the in8tru- 
ment should be turned M .  
Extreme care shouM be OxerCiSOd to ensure t h t  
required put8 mpkmwnt  Is accomplished with 
the same p.M .gectfi by Century. This IS 

128 and OVA138 in order that melr csrtlfiution for 
use in huudour .tmObphomo be rruint8lned. No 
modltiuttona u. pnmHWd. Ma888omM. lnstru- 
ment only )n a o-hU.IZ(OUI 8tmo8ph.n. 

. eSpOChlly -8.SUY On the Modeis OVA-108, OVA- 

6.2 ROUTINE MAINTENANCE 
Note that Figurn B1 L a flow dk~r81~1  of the basic QRS 

h8ndllng sy8tem. 

6.2.1 FILTERS 
8.2.1 .l PRIMARY FILTEFl 

This filter Is wed behlnd the umpre inlet coc~nec- 
tor (Fittlng Amembly) on tho Side Pack hsembly and is 
nrnwbd for ck.ning by urlng a thin wall socket to 
unwrew the Wng rS+.smbIy.m filter cup, "0' ring 
and lo8dtng 8Wng will thwi come out ~8 shown in me 
Side Pack A88embly dnwlng In Appendix "A". The 
porous strlnles8 fllter cup can then be cleaned by Mow- 
lng out or m h i n g  In 8 8ohmnt. If r solvent is used, ahre 
*hwM be taken to ensure ttut rJI 8OIvent I8 mmovbd by 
Mowlng out or h..ting t?w filter. Re88semble In reverse 
order ornuring tM Ehrr "0' ring -1 on the FittinG 
Aswmbly Is ln9ct. 

FIGURE 6-1. Flow Disgrsm - Gar Handling System 



6.2.3 
6.2.3.1 

SEAL MAINTENANCE - CYUNDER ASSEMBLY 
H2 T A M .  HZSUPPCY AND RVtLLVALVES 

Aftw some tirm, tho toflon waahws undu oach VJW 
packing nut clsl "Cold now" (movo wim proswe) and 
illow hydrogem to leak. Labcage can bo dewminod by 
using Leakfee. Snoop or a soap dutlon uound tho 
valve sterns. fhts leakage em u s d l y  bo stopped by 
tightening tho compression nut (.d.gtu) aa outlined 

1) 

6) 

n 

11) 

6.23.2 REFlUER VALVE PACKING ADJUSTMENT 
Adjustment for tho vdvo on mo roflllor can ea mdo 

by loorunlng mo sot wow with a 3/32" hox koy. so mrt 
me -0 turns M y  on mo stun. Insott two (a 3132" 
hox koys through tno n01.s provided in tho hurdk urd 
turn until m.y engage me horn in tne p.cktng adjustor. 
mon tighten m. packing by turning mo  IO. 

14 



8.2.4 AAI SAMPLING SYSTEM MAINTENANCE 
6.2.4.1 G€NERAL 

A potemsat problem 8a8ociated wtth the OVA ln8tru- 
ment h tha leaks can develop in the air umple pump 
Ing system These beaks can result In eltber dilution w 
loss of -, causing low reading of vapor concontra- 
tlon m d  .Icw response time. 

6.2.4.2 TeSnNG FOR LEAKS 
The WA'r a re equipped with a flow gwge, which 

provide8 a method to check for 8ir h k 8 .  A88emble the 
pldsup Mlmd for U- to tho rsdout 8888mbly 
Md thOn posttion 8idep.ck -ly w) the flow 
gauge nq be ob6ervbd. Corer the end o f  the pickup 
probe wlth your finger 8nd ob8ene ttut the ball in the 
flow 0.uoa goes to the bottom, indluttng no .Ir flow (if 
ball h88 riight chatter whlk on bottom, this Is mccep 
iabk). -r the center of the a m b e r  ex)uust port 
wtth yourtwrmb and w i n  ob8enr, the bdI going to tho 
bottom. Another rlrnpk c h e c k  k to expose the pickup 
probe to dg.rette smoke or 8 light npor  (butane) 8nd 
5bem iM the meter foswnds In .pproxlmrtely 1.S - 
2.0 socmd8. It should be noted that rlow mgtw 
rssporue m y  also Indicate 8 restriction in the air 
umpiina -em. 

62.4.3 LUK isounoN 
f a i i w  d the ball to go to the bottom when the inlet k 

blocked Wiuter a leak In the system betwoen the rn 
be and tho pump iniet or the inM ch.ck valve. To i.d.te 
ttw -, remow part$, one at 8 Urn, end again 
wock off air tnkt. Fbmove the pickup pmk(s) and 
m r  tho JI inia at the Rodout AuMbly.  If tho Wl 
-8 lD- bottom, ccndr t h t  the "c.dOut to probe" 
-1 wm$mrk in pbemd npkclstfw proboa, holdtng 
them brdt cg.ln.1 thir I;..I while tightonlng tho nut. 
c;bch.clr. md If krkge  k HI1 m t ,  tt 18 probably in 

is lndlcrted as betng put the -out h8n- 
dtb what m c o n ~ o n  to the 8idep.ck is tight, 
d i m  the umple line at the frmng on the rldepdc 
ud EOYI thlr tnI.1 with your finger. If the Row g8uge 

the prok (PLCkUP fiXtUm), Which 8-M b0 fOpirsd OI 

lf 

ball goes to the bettom. the problem rhould be a leak in 
the urnblliul C o r d l R ~ o u t  A8sembly. which should be 
investigated and remired. There is &so the porsib~iity 
of a -king check valve In the pump which would not 
show up on this test. lf the hkage is not found In the 
umbliiui cord, it Is mosi likely In the pump check wive 
which ShouM be repwired or replaced 

tf the ball doar not go to the bottom, the leak will be 
otther in the How gauge or tt'r connecting tubing. 
Virrucllly check that the tuMng Is wnnected and If so, 
the ftow 0.uge should be rep.ired or replaced. Check 
the "0" ring trwt.iiation in the mmpk miet connector 
(Fitting A88embly). 
As 8n .ttenWe m h ,  leaks on the inlet side of 

the pump can bo detected by using Jcohol on a "Q" Tip 
urd lightly rrvlbbing tho connections one at I time or by 
directing ofgank vapor or amok0 at the potential 
krkoe points and observing the meter response or 
W d i m  h r m .  
tsrb (beyond tho pump) 8m easier to locate, as any 

o f  the cornmertully N.ihbk i u k  detection solutions 
CUI be u u .  Cover the exh8ust pot?, which will place 
the exh8ust ry8tem under pre88um. and check e a c h  
amneetion, one at a time. F h p W  the teflon tubing or 
rstrpe the thr#dsd conncrctionr wtth teflon joint 
c h s c k  the igniter and MLxerlSumsc Asrembiy where 
they screw into ths detector, me high vottage terminel 
8crew on the 8ide of tho Mtxerl8umer and OXh8U8t port 
itself. tf after tho8e checb, the flow ~ l u w  ball stili will 

pump, which rhould be repdrod or ropI8md. 

not 00 to the bottom Wm, the O x t U U r t  blocked, tha pr- 
Mem i8 l ikdy Wing eXh.U.1 Chsck V d V b  in the 

6.25 C O N T A M I N A T I O N  C O N T R O L  A N D  

625.% aWERAL 
On -, tb bdrgnwrnd rmding of the OVA may 

k W t i w l y  high u W r  (IOCIIUI unbiont condltions. Am- 
Ment beckground medinQ8 wfll vary .omcmht depen- 
ding on the mrrrphtcd tocltion where the Instrument 
ir being wed. However, the b8ckgmund reading nor- 
nrrlly rhou# be In th. m of 3 to5 ppm as methanu. 

112 ppm o f  mcrthru, which b prwmt In the norm81 air 
. m l r w r m t .  In addm to tho musurement of a nor- 

ppm of .quM.nt mothme brckground uused by ac- 
cspt.blo M s  o f  OOMuninttion in the hydmgen fuel 
u d l ~  hYdr0g.n frnl handling 8yetem msuttlng in a 
tobl oquWont mathno rwdtng of3 to 5 ppm In clean 
dr. 

5 pptn to6or 7 

momumnmt k umlvo  to uut bockground ruding. 

88nt-e dlffonntkl rmadtnq, howwor, the tower 
b.drgrwndkobvlourJyWW. 
T M  bmckgrwnd nding on ths linear OVA'S Is 

zwoed out or nulhd out-evw though in r68lity the 
kdroIMmd ail oxim. 7?w beekground re8ding on me 

WKfENANCE 

Thcr .cc.pt.MI) b.ckgnwnd ruding consi8ts o f  1 to 1- 

nul mothme background, thoro WHl norm8lly be 2 to 4 

8th .  -round ndtng 
opn, thb k nonnrlly rtill .ccIpt.bie 8tltcb m y  

1.0., 2 pOm ~ t t 0 p 0 f 5 ~ ~ 2  Pgm On mat7 grwt-8 





coniaminated MixerlBurner Assembly. See 
m r a p h  (4) aWva for cioaning procedure. If 
hswy contaminaton of the MixerlBurner IS stlll 
Indlcrted by 8 hruh background, replace the 
MixerlBumer Assembly. In sever81 OVA 
morSets, this will require removrl of the Preamp 
-mbly. The old MtxerlBumer Assembly 
8houM be either discarded or returned to the 
factory for clemntng and rebullding. 
In the event there is contamination in the pump 
M other intornal pans of the sample flow line8 
which unnot be removed, the sample flow 
components wouM have to be disas8ombled 

-tion. However, me components such a8 
the pump can be rcrpkced In the field along wtth 
any contaminated tubing In the umple lines. 
H W  background medings on OVA% which In- 
dude me Gas Chromatograph Option u n  be 

by other source8 of contamination. H 
the charcoal in tha charcoal fitter mounted on 
the panel of the instrument Is contnminated or 
uturated. contaminated air would be supplied 
to the detmor and mise the ambient level 
-round. To check for this, the chrfcoal 
fitter camidge can be removed from me panel 
end either 8 bypess tube put between the two 
comectors or the charcoal u n  be removed 
from tne ch.rcorl cartridge and the maridge 
raiimd with W n  activated ch.rcori. mi8 
wou(d determine If tho charcoal w.6 the 80um 
of the background rsdlng. It is possible that an 
w e n t  high background mading could be 
due to contamination in tho column that is on 

i tho in8ttnrment. mi8 background could be 
c8u8ed by compounds that are slowly eluting 
fran 8 column which hm become cob 
Wmifmted. The .uieat way to check for odumn 
contmmination is to replace the cdumn wlth a 
kncmm clean column or a $,hoc\ ompty glace of 
cokrnn tubing and stbe if the high b.skground 
W i n g  drops. 

bekground probkm, the UU80 will nonnrrlty 
be contamination in tho hydtogsn fuei syrtem. 

8) 

.nd CIWM. mts is ~ O ~ U I I Y  kctow type 

9) 

10) If J I  the .boM rtw do not ths high 

-ion In the hydrogen fuel system is uumlly 
the direct m u t t  of contunination in the hydrogen 0.s 
wed or -tamination introduced during the filling 
operation. Riling hoso contamlrution CUI bo cur- by 
storlng the hose In a C0ntunintt.d a m .  

To remove conmmirution from the hydm@on fuel 
sy8tm, It 8hould bo purgad with hyd-n. Effwtive 
purging d the hydrogen ryrtem 18 accomplished by 
discon- the capilkry tube Wing which attach., 
on to th. nmlfold Mock which has the low prr88ure 
0.u- (Ht Supply Pre8surs ckugo and w Supply 
Vatve). Thb dlsconnocb fho upltkry tubing from the 
hydrogen lbte 80 that hydrogen m y  be purged at 8 
muonabb mte from tho tank usombiy through the 
regul.tor8, o.uge8 and nives. After disconnecting the 
ccrpllluy, the hydrogen tank CUI bo filied In the m l  

mnner. The tank valve and I42 rupply valve u n  men bc 
opened which will b l e d  the hydrogen from the 1.nk 
through the H2 fuel syatom purging out the contamina- 
tion whlch Is in npor form. There IS the possibility mat 
contamination ha6 boon Introduced into the hydrogen 
fuel system which Is not wdl ly  purged out by the 
hydrogen gas but thlr h unllkely. After purging with 
clean hydrogen, 8pproxlmrtely two or three times, the 
mpllkry tube 8houM be mconmcted and me 
bckground .0.ln ch.dsrd. FIvb or ten minutes should 
be allowed be- uu(burng Sm b8ckground reading. 
since contamlMtad hydrogen may still have beon trap 
ped in the upl lby tube. 

If mother tan& 8ssemMy In a clean Instrument is 
malhbk, tho fua system from the clean instrument a n  
be connacted lo the contaminated instrument to a b  
8olutely vmdfy that R k or b not in tho hydrogen fuel 
UJPP~Y system. The Interconnection thould be nude to 
the capillary tuba of the contunmated Instrument. 

6.2.6 FUSE REPUCEMENT 
Thlr paragraph appiias only to the 8iand.rd (no- 

certified) OVA’$. There m two (2) overload fumes in- 
corpomtod in the B8ttery Pack A-mbly, one is 8 3 A G  
1 AMP SiMlo In ths power line to the pump and igniter 
and the other a UG-114 AMP In me power Line to the 
electronics. Both fuses tdlow the currant limiting 
resistom whlch provide pdrmry short circuit protection. 
However, in tho went of an oxces8hm wbrlod, the 
fums wlll op.n .nd prsvbnt owrhoeting of me current 
limiting resirton. tt should be pdntod out that the 1 
AMP Slo-8io b e  will blow in .pptoxifTI8tely 8 to 12 
seconds H tho igniter 8wttdl is kept depressOd. Nom1 
Ignition W# W e  pkce in not more than 6 seconds. 
Thmmfom, do not dopros8 lgnltsr button for more than 6 
~0~0ndr. If ignttjon does not occur. wit 1 to 2 minutes 
Md try W n .  If the q u i -  1 AMP So-Bto fu- annot 
be l w d l l y  obt.lrmd, mpl.00 t(Hnpof.rily wtth 8 3 AMP4 
A 0  spndud h. 

6.3 TF#)UBLESHOOTlffi 
TrM. 6-1 proaenis a summary of recommended field 

trwbk shoothg proc;.dwes. If necassuy. the instw 
mOnt Our be O d l y  removed from the ~880 by unlocking 
tho tour (4) 114 turn fa8tmem on tne pmeI face a d  
rwwvtng the rofill up and exhaust port. The battery 
peck I8 nmwad by taking out the four (4) screws on the 
p.ml and disconneCting the power connector at the 
battery psk. 
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NOTE: C n i t  q u a n t i t y  is each unless otherwise noted.  
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I.bor8tov type aNJYsis. +he OVA was not designed to 
compete with the rsse8rch or procees type gas 
chrorMogmph but to compltment these instruments or 
elimtnate thelr need In fWd type appllmtions. 

1 
8ufflChnt infOflTUtion t0 OpOrtto and maintain the . .r 
tury trutnrrnent. Century fwrther publisher Apptica- 
tlon!Techniul Notes to a t s t  the operators in applying 
the In.trument to fbld monltorlng sltuatlons. The 
c m r k  for the dewy7 of tho GC Option w88 the same as 
the basic OVA, Uut 4s. 8ffn@lC&y, 6.88 of opontion. 
high rdubllity, field nrgQWness and minimized poten- 
tkl for  rato or UIW. 

a) GENERAL 

this manual is Intended to provide an operato* 

7.1.2.2 PRINCIPLE OF ommnm 
For thoao not wmdfkally trained or famiiiar 
with grs -why, the technique 
.mploy.d hr the OVA during GC Mode open- 
tloo I8 brr(uliy a -ration of components in 
a u m p k  g88 contacted wlth the nutonal In a 
Column. When non4ntet%rencd u n  be rchiev- 
W, ..ch comporrent of the sample mixture 
elutes h#n the cdumn ringty into the ftame 
kntzation detector chamber to provide its own 
me88ur8b+e rusmwe on the meter and 
recorder. When ursd a8 directed in thas 
manual, the GC optran a n  drastiully reduce 
.nd in mort umos mllmlnate the noad for 
drborrtcs gmb Umpk and wor8tOfy anriyscs 
t6chnlque8 and the anatysts a n  be made on- 
th6.pot at the point of lntmre8t. 
All fkme ionlzrtlon detector (FID) gas 
chromatographs mquire certain element$ tor 
their opmtion. These elements Include 3 

der gas (nomwlly nttrogen or helium) to 
tmnmport the 8unpte through the columns; 2) 
Hydfoga~ gu, for operation of the FID; 3) A 
deur air or oxygen rupply to support combus- 
Wn of tho FID. in ddttloa, a method tor tnjec- 
ting a known v d u m  of uPmple Jr (aliquot) to 
be M.lymd I8 mutr8d. 
tn .tmdud gas chnwrutogrwhr met80 three (3) 
tkw mgutated ga8es am Individually rupptied 
trom plluurlzed cylinders .quipped wlth 

wry OC mom dlffon In that the hydrogen (H2) 
fwl tormo RD kdro wod u the carrier 0.8. 
fh. cdwn air L elmpry Ute nomu1 air 

pompd W th. FID. But, during QC 
.nr~ydr, tho Jr Is acrubbod In a chwcod Rlter 
to provldo abut d r  wpply. Tho ond m u l t  is 
thst noddluonBl gu mJpoIi.8 u. m u l d  to 
rd.p Ih. OC optkn to th. bulc OVA lnrtnr- 
mmL 
A onmqpment is hmrpomted to pro- 
vide a muthod for tnnsferring a fixod volum of 
the air nomulty bdng pumped to th. flD In the 
Survey Mode into the (3C ryeem for amlysis. 
Rm .unpk air Injected Into the GtC ry8tem is 

f b W  WMed 8Up@kS ui follows: 1) A d f -  

wUht#8 urd f)ow Control 8ppU8tUS. fhe ml'k 

SEC77ON 7 
0FrIONAL-B 
7.1 GAS CHROMATOGRAPH (GC) OPnON 
7.1.1 lNTRooUcT1ON 

The C e m ~ r y  Ponrbk Drganic Vapor AMlyterS 
(OVA'S), when used as described in the previous MC- 
tions of this manual, are vary efficient and accurate in- 
dicators of -1 organic compound concentrations on r 
continoour r a p l i n g  -is for a period of eight (8) houra 
mlnimum and wtth 8 response time of one to two 
seconds. Homtver, in areas where mixtures of organic 
vapors are present, It often becomes necessary to 
determine the mbtive concentration of the components 
andlor to mJre quantitative arutysir of npsclfic corn 
pounds. 

TO pmvicje mis .dd i t iOMl  capability, a built-in gas 
chromrtogrm@7 (GC) sy8tem ha8 beon dded as an op- 
tion to the OVA 8adea of tnstrument8. See Figure 7-1-1 
)or the IocWon of the -or oompomnts and controls 
rruockteui rrith the GC Optton. When the OC Optton is 
used 8s doazibed in this .ection, the EIp.MlJty of the 
OVA wlll indude both qualitative and on-thayot qwn- 
mttive uufyhts of speclfic components preMnt tn the 
ambient environment. The Stflp Chen Recorder option, 

mpamtely in paragraph 7.2. 
mis - 18 .ppliw ~ l y  to OVA** wtth tm OP 

tkmf grs ctrarrutognph 8y.t.m. It t8 mc0mmond.d 
mt mi8 .n(lr~ umion tm w, .lono wirtt th. CW- 
tg.pondlng aection8 of the hrk Opmmtlng .nd Sonlea 

which i8 Wi th  the GC option, I8 dOSC?Ibsd 

nul, prkx to ogcbmtlng the lnrtrument. 
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21 TheColumn 
The column consists of tubing packed wlth 
a material which phystuliy Intemcts wlth 
me organic vapors in me air Mmpie in 8 
manner which slows down me p . 8 ~ 9 e  of 
the vapors through the column. Since the 
pBcking material has a different attraction 
for mch individual organic 8ubSt.nW. wch 
component In a mixture of gases will bo 
slowed dOm to a dlfforent extent when 

ma? mCh component etutos from the cob 
umn at a dlfferent t t ~ .  The individual 
gases aru.than urtomr;t iul ly fed to tho 
detector which gives a responm to the 
meter or to an extenul strip chan recorder. 
For example: Suppo8.e t h t  a umpie cow 
tainlng benzene and toluene k Ln)Wed on- 
to the column containing appropriate pack- 
ing m8tarli.i. A8 Illustrated in Figure 7-1-3, a 

sorbed on the packing material. The 
@mounts invoived depends on the rebttve 
efflntties of the two components for thcr 
packing material. The urrier gas mows 

distance, and 8ince beftzone wlll have km 
affinity than does toluene, it wlll be moved 
through ttM column mom readily and thus a 
aepmration of these two components takes 
pi8w and benzene roaches tho detector at 
me exit of tha cdumn first. 

. mrred through ths WlUmn. net OffsCt 
I8 8 80p.mtiOn Of tb -6 In such I Way 

pOrtlMl Of the bWUeft0 M d  tOlUOll0 .d- 

the -8 ph.se fOfW8fd 8hOe 

3, OrUlltatlvO AMlysts 
As each organic substance has a unique in- 
teraction with me column packing material, 
tlM time that the rubstance is retained on 
tho column k also unique and thus 
ctur8cteristic of th.t particular subs ? 
The "retention time" (RT) is pril, -.tly 
dawondent On the type of packing material, 
the length of the column, the f b w  rate of 
the 088 urrylng the mixture mrough the 
cdumn and the tempenturs nnge of the 
mystem. 
When these nri.bles are controlled, the 
mnt lon  ttms CM be uaed to Mentify 
UEh of the components in a mixture. 
Bec8u.o of these nrkbks, It is usually 
necO888ry to e.tlbli8h ratention times for 
oath inclhrmont by making a test with the 
pure 8ub8t8mes of Interest or to refer to 
utabllshed tima data chrt8  prepared in 
m n t m  for that specific instrument. tn 
lhm cam8  where mention times of me 
components are too c l o ~  together for a 
oood anrlyds, an adjustment in one or 
more of the operating varbbks wlll effect a 
sufficient dlfference In retention times to 
-le meaningful maiyris. 

nm response of the detector to any com- 
ponent mfter it has been 8ep.nted by me 
column i8 m i o n r l  to the quantity of 
organic mntefkl pmsning through the 
detector at any given time. However, since 

4) ~ n t l t a t k 8  AMlySis 

f-wres cBENZENE & TOLUENE 
r 

/ / //////////// 

"t" 
PlCTOBUL SEPAIUTXON OF BENZENE AND loLvENE - *'A" AT baibcllllek Or 
SEPARAIION; "B" DvRLm SEPARATXON; "C' B E N Z m  HA6 A W D Y  PAIffED 
IWE DETECTOR AND IS RECORDED. TOLUENE (DO- LIwE8) NJ. APPEAR 
ON =CORDER AS IT PASSES ZHf DETECTOR. 

FIGURE 7-1-3. TYPXCAL COLUMN SEPARATION SEQUENCE 



Sunplo Inje  Vdvo - This 2 positlon valve 
(shown sch.mclticlliy in Fiquro 7-1-2) is used to 
Woct either Survey Mode (vdw out) or GC 
Modo (vatvo in). 
Bwkflush V W  - this 2 position v8tvo (shown 
sc?tenuticrrlly in figure 7-14) is used to r e v e ~  
mo flow of HZ through the mlurnn to: 

8) B.ckflush Mo column for cteuing 
b) Ouantitativoly rnoasure total corn 
pounds after a s4.ct.d point. Gmplo:  
Separaffon of mothme from norunethute 
hydrocamons to read tomi non-mothano 
hydroarbon iwd. 

Column - Sopu8t.s compononts of a g u  mix- 
tun so th.1 . . ~ h  component of tho mlxtun 
d u m  from th. column at a dlffermt tin. 
ACtiv8t.d Filt- A m b l y  - m8 
aswmbly functions only in the GC Modo (S.m 
plo Injoc! V&o "in") &a shown schcmutkatly In 

(oxc8pt Simp10 Cimd Ct hydrocuboc\8) by rb 
sorption from mo 8unpto air supply. 

7-1-2 It I.moYO8 O W M e  ComgOum 
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7.1.3.3 SERVICING AND TURN ON 
Place the Sample Inject Valve in the “out” posltlon 

and put the OVA instrument in operation per Section 2 
of this manual. NOTE: Leave the hydrogen fuel and 
pump “on” for three (3) to four (4) mlnutes before at- 
tempting rgnnion to enable hydrogen purging of the col- 
umn. 

7.1.3.4 SURVEY MODE OPERAnON 
When using me OVA In me Survey Mode, ensure that 

the ampk Inject Valve remains in the full “out” posC 
tlon and th.1 me Backflush Valve Is elther full “In” or 
full “out”. Note that when changing from me GC Mode 
to the Sunby Mode the OVA output rmdings wlll con- 
tlnue to churge 8s long AS any cornpounds are st1111 
eluttng from me GC column. Therefore, under n o m 1  
fleld conditions, the GC column ahould bo backflushed 
for cleuing. whlch takes approxlmmtely 1.2 to 1 .S times 

backflush peak may  be ob8erved retumlng to baseline, 
after which the Sample Inject Valve may be moved to the 
Survey Mode (out) position. 

When the ~~mpoUnd(r) being uulyred 8re known to 
be the only compound(8) present in the air =mple, 
backflushlng m y  bo omltted. 

7.1.3.5 GC MODE OeEmnm 
In nomd GC analysts, a rtrip chart recorder is used 

to record the output concentmtlon from the OVA as a 
function of U r n .  This record, uiled a chromatogram, is 
utllked for interpretstton of the GC data. The Century 
p0-k strip c h R  recoder I8 furthor dercrlbed In 
mwrcrph 72. 

the 81- . w e d  f0WWd Ut8lySb the. The 

8) OeEiunoN 
Turn on recorder and push Sample Inject 
Valve “In” wtth a fast, posltlve motlon. This 

up to the point of backflushlng. NOPE: 
w i d  and positive motion rhould be ured 
w m n  moving either bhe Sample Inject or 
Backflush Valves. On Lon, the, tkme 
In the FiD detector may go out, which 
would be Indicated by a Wrp and eon- 
tlnued drop of the concentralion level. tf 
thls occurs, rlmply nlgntte the fkme In the 
normal manner and continue the analysis. 

A negative ‘*air*’ peak typically oc- 
curs 8hOrtly after umple injection and 
8hOuld not h confurcrd U fl.maoUt. 

compound p..iu wlll be kKllutmd on the 
OVA mmcJout motor urd tho @trip t h e  
recordor and nprownt th. chmtogmm 
of the anatyola. 
Attor the pnd.t.nninod time -for t h ~  
uulyrrlr hr okpmd (normally immodkta- 
ly after the pemk of the l u t  compound of 

to It’r attenute position (In or out). Lomm 
WKJ Instrument In thls condition until tho 
hckflurh peak prlnted on tho recorder 
returns to basellno, then pull the &m@e 

-rtS the GC 8MIy.b which .Utofn8tiC 

-1- dr pwk .nd V U h J 8  p68hlW 

mCWTI), -dry InOW tho 8.ckflu8h 

b) 

7.1.4 
7.1.4.1 

Inject Valve to the “out” parltion if no 
backflush peak appears. pull the Sample 
Inject Valve out after being in the backflush 
coneltion for a period at least as long as the 
uulysis time. The OVA is now back ir 
Survey Mode and rmdy for Sunmy uo 
I n w o n  of another umple into me GC 
ryttm. 

tNTERPRETATlON of RESULTS 
tmrprsptlon of the recorded chromatogram is 
always brred on predetermined ullbration 
at.. A dl6CU8S~Ofl Of callbmtion Wthods and 
Enromttogmm Interpretation Is presented in 
p ~ g m p h  7.1.4. 

CAuwnoN 
S M E W  

The Century OVA wlth GC Option I8 a field instrument 
tntended for .pgllatlons where there are a limited 
number o f  compounds of lntOrO8t and the compounds 
u e  nomally known. Under the80 field condttlons, the 
opemtor murt r h P t y  know the mtentlon tlm and peak 
height o f  the compounds of Interest as 
normally pre8ented on his W A  inrtrumnt under his 
8peclfic oper8tlng ~0nd l t lOn8.  Therefore, to calibrate 
the OVA In the GC Mode, rlmpiy determine by test the 
mention time 8nd peak am8 (U8lng p k  height 
anrlyrls) chuacterirtics for the compounds of concern. 
The80 tests 8hoUld be conducted on me column to be 
utilkad urd over the concentration 8nd tempemture 
range of concam. When mpre8ent8tlve characteristic 
data la nrlw, 8mh 88 In the Century Appiiu- 
tlanKocftnlt.1 Mea, a 8pOl ullbmtion check I8 nor- 
nully at1 that b nqulmd. 

lhe npor cocrcsntntlons vary contlnu8lly AS a func..,,t 
d a m ,  kcrtim and wnditlonr. Field mO.3urements 
for lndustrw hygiene work are nomully 88aociated wlth 
I thre8hold kvsl around a pr~rtablirhod concentra- 
tion. Suweyr for louting fug8tive emlsslon aources 
present a m n r r s l l y  wrying ~ltblatf(0hl. Under mese 
typical md ~ i t i o n s ,  It I8 slmb9e to kve a fast and 
rirnpb mclrthod of Interpreting oh0 GC d.ta for on-tha 
8pot 8nd doclr i~n maklng. High preclslon is 
normally not a requirement for there type 8rulysls 
.im th6 .mironment Is wntinwlly ch8nglng. The 
mahods presented In thls metton are designed to pre 
vide m for typlcai fbld anaiyrtr. when me OVA IS 
u W  under lrborrtory wnditlonr, rt.nd.rd kbomtory 
mcrthadokQy nuy  bo u8ed for eraator precirlon. 

7.1.4.2 TECH- mbtcus810N 

It should be noted tM under nomut fleld condlt 

Theckamtogrun ira8tripch.rt recorder printout of 
the Immbneow orgenic vripor concentntlon from tho 
Century Organic Vapor An8lyrsr (OVA) 88 a functlon of 
time. A typkal chrorrutognm I8 Illu8tmtad In Figure 7-1- 
4 and Lr aom lo bo a series o f  M.ngukr rhpa psr;ks 
OrigSmtJng m d  rwtumlng to a f l x d  budlne. Ouaiit8tlve 
Interpretation of a chromatogrun Involves Mentlfying 
the compound caoslng peak by an8lyzing the time It 
took tor the peak to appear after lnttkl injection (refer- 
rod to u mmtion umo (RT)) and tomwring this RT to 
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Column - do8criptton and sui8l numbor as a p  
plicablo 
Tompetaturn - column tmporatun, nomully 
room ameiont 

Carrier flow nto - hydrogon flow raw mrwgss 
the column (celmin.). (Roforenco paragraph 
7.1.2.2 b) 
Sunplo concentmtbn - ppm for o u h  corn 
pound 
Sunpie volumo - OVA by WaI numbor or 
typically 0.2S cc for standard V&O 
Recorder d i n g  - ppm pof unit doffoction 
Range - rango of OVA boing used, i.0.. XI, xfo. 
XI00  
OVA type and m d  numbu 

Ch8fl S p W  - dtst8ncolunit t l M  

To obtun a calibration point. inioet 8 known COnCOn- 
rration m p r o  rnto Mo GC rystom md r.cord tho 
resuitmg ChfOm8togM p..k. The retontlon H M  for 
the poak may be scala from tho record or timod with 8 
stop watch. tho poak hmght m y  k scslod from tho 
record or the OVA rowout motw may Ea observed dur- 
tng mo eiution of tho psrk. mgum 7--1-5 preswtr the for- 
mat of a chart which my k used to roc- callbration 
dam. Gporroncs ha8 ind1ut.d mat tho pork I'10igM 
response of a compound is linear up to concontrrtions 
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temperatures may permanently d8nuge the 
column packing. Columns may be cleaned 
whlle installed on the OVA by hmting the cob 
umn wlth hot, wet towels. 
When Installing any column, avoid touching the 
ends, as this m y  cause contamlrution. Also, 
ensure ttut tho fittings u e  tight to avoid H2 
leakage. 
IMPORTANT: The following simple tea rruy be 
run to determine whether Ute GC column la 
contaminated. Whlk In a ch.n ambient air 
background, place the Sample Inject Valve in 
the "in" (GC Mode) posltion. Obsente me 
background reading on tho fneter Or recorder. 
After one (1) to two (2) mtnutes, chnge tho 
posltlon of the Backfluah Valve and again 
ob8ewe the background W i n g .  If the 
background fending went down when the 
Backflush Vdve w.d and then 8l8rtOd 
to Incream in one (1) to two (2) minutes, th. td- 
umn Is probebly contaminated and need8 to be 
c h m .  Note that If hydrogen ir flowing into 
ow end of the column for a period of time, tho 
contamination is betng pushed Into tho column 
and is therefore cleaning the front endportion 
of the column. men when the hydrogen flow Is 
mver8ed, the exhaust end of the column wlll be 
what w u  the input end previously. Themfore, 
for a peflod of time the now 0xh.u.t end of the 
odumn will be ck.n untll the contunination 18 
agdn pushed through. Cknwmkr Uut to c h n  
a column the hydrogen or other purge 0.b must 
be run through the column In one dlmctlon untll 
all of the contunlnatton ir removed. NOTE: 
Contaminated wiumns can be avoided by 
Imply tvckflUDhlng the column after evey 

After repeated UM, the ch.mo8l Filter 
me 8mtuntecl. Pot-iMicrJly, 

the operotor ahould cehsdo the sffscth 
me activated chrreorl to perform otr swwnlng 
function. fhls cm easily be dorm by opef8tlng 
tclcs unit wlth the Sample Inject Valve "in" and 
passing the pmbe near a concentmted umple 
of the compounds being analyzed. Tho readout 
.hwld remain nearly steady (should not rise 
more than 0-2 pam per million (ppm)). H rbo is 
mom than 2 ppm, remove amombly from lh 
panel and pull the knurkd orp from the end o f  
the filter tube (pull--not twbt), m replaw the 
old c c u ~ l  wlth acttv8tOd durcocrl (%mobOy 
Cheney, ColumbU8, Ohio, Type Ol or 
oquhnlent). CIm should be mken to comptota 

u m p k  to bypa88 the chefcod. Tho life of the 
chUc0a.l depends on the tim (length) of OX- 
porure and the concentnth level during that 
expouum. When changing chrrcod, be sum 
thrt any fine prrlicb Chatcorl du8t ID 
from the amembly. 

aMiy8h. 
b) CHARCOAL FILTER ASSEMBLY 

iy the tub0 80 mf0 Will be8 P.th bfthe 

Another simple test of the charcoal fllter IS to 
note the background reading wlth the Sample 
Inject Valve "out" and then note the baseline 
reading with the Valve "h". The level $hoi*ld 
never be higher when the valve is in the 
poSltiOn and the cherccul filter is In the air . - 
If the roading with the valve in the "in" position 
Is higher, the Ch8rCOal filter I8 probably con- 
tamlr\.ted and m ing  like a contamination emit- 
tar. 

Ch.fa~tOnstiC8 of the mcommended activated charcoal 
.re provided below: 

Raw medal: Coconut Shell 
Nomhd M..h -: 8 x 14 Crykr Standard Screens) 
S&e DWrlkrtkr\: on 8 meah, 5'' maximum; 

through 8 on 1O.W' motimum; through l o  on 
14,Wk maximum; through 14 mesh, 5% max- 
imum 

AOIX 8% mutlmum 
Moistum Content: 3K maximum, as packed 
8tudud -: 50 lbs. net weight fiber con- 

t.iMr; 58 Ibs: -8 Wight (typiul). 1 Ib. con- 
tainer, 8hlpping weight approximately 1-1 12 
Iba. a n o n  containing 12 mch 1 Ib. units, 
8hipplng weight .pprOxi~tOly 16 Ibs. 

Appilation8: Removal of meKiium and high concen- 
trations of own ic  vapors from air. Purifica- 

tion. 
tion o f  gams. safety msplrcltors. Ga8 wpara- 

7.1.5.3 TROUBLE S H ~ ~  
Tab& 7-1-2 present8 mommended field trouble 

shooting procedure8 which am p8culiar to the GC 
system. The80 procedure8 are In addition to tr 1 

found In Table 6-1 of the buic mnwl. 

7.1 3.4 RECOMMENDED $ P A W  

 upp port only the GC system (md recorder) are as 
fOtl%WS: 

RutNumer 
slwogl(lo/pkg., 1 Pko. 

-- 
11 OUdRLngs 
2) TuMng, fufion .W8" ID x .020 wall 12" 
3) TuMng, T.flon .120" ID x .Q30 wall 12" 
4) Atttnted Charcod Type Oi or equhnlent 1 Ib. 

6) ChrtPaper(log) Type"J"(6rls.I~kg.) 2pkg. 
7) Chwt Paper (llneu) Type "WA" (6 rls.lpkg.) 2 pkg. 

prtb and DupplkS Whkh recommended t0 

5) *9~*9r?ing 2-15 2 

Actlmtul ch.r#ul m y  be pu- direct from: 
Bunebeych.my 
=North-y 
columbus,ohio -9 
(el41 25b9501 

oulton Fbcorckr sy8temr m- 
Qulton Indu.trW Park 

m)- 

c h r t  paper may be pu- d i m  from: 

mt Gf@@RWlCh, Rhodo 42616 
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7.2 RECORDER OPTION 
7.2.9 GENERAL 

A PoWie  Strip Char! Recorder I8 available trom Can- 
tury for use wfth the OVA instruments (reference Figure 
7-2-1). The recorder is powered tram the OVA bmttery 
%Gk and thooutput can be -led to match tbe OVA 
-out mter, thereby providing a permanent record 
*or 8UbmqUent analysis or reference. The recorder is 
availa~e in two modeis. PIN 5104451 is used with stan- 

s certified intrinriully safe and Is u8od wtth the cor- 
*.rd MWd8 OVA-, OVA* and OVA-118. PIN 51-2 

&W M W d 8  OVA-la ,  OVA-12B and OVA-138. 

7.22 AwLmncws 
The mawdor u n  be used wtth the OVA to provide a 

feeord of the long term monltoring proflk of an arm In 
total organic vapor concentrations, or a n  be used wlth 
?he Gar Chromatogmph Option to provide a 
Chmt0Qt.m Of the oc aMly8iS. 

The recorder prints dry (no ink) on pressure mnsttlve 
Cbrt Paper. Housed in rugged d iau r t  aluminum, It 
weighs approximtely four (4) pounds md i8 5.516” 
high, 3-518” wid6 and 4-1 18” d-0. 
The r.cotder is avallabie for use with e W r  tho Cen- 

c or linear ruled OVA’S by 8lmpty ch.ng- 
nd paper style. The mc0-r Is 0qulPp.d 

n mnger and an electronic zero adjustment 
The HIGH 0.in position i8 mnmrlly uwd only 

7.2.4 COMROLS AND CONNECTlONS 

trots and con f6 7-2-1. 
e m t d s r p l e a  

Descr lw below are me functions of the various con- 

I 
st.nd.rd FM 
51 0445-3 s10545.2 

A B 
E E 
H H 

FuncHon 
Input signal 
pes. 12vDc Input 
Ground 

7.2.5 OeERATlNG PROCEDURES 
Connect able between recorder and OVA. f u n  

recorder on by mkcting either the HIGH or LOW post- 
tion of the swttch. (Nom1 is “LOW“.) 

When using the HlOH p i n  po8ltlon (typically only 
logarlmmic OVA’@), it may be desirable to “null” out the 
background on the morder. To accomplish mk, pr+ 
vide clean air to the W A  or pkce a charcod filter In line 
with the OVA input to 08tablbh a “zero” reference and 
use the ZERO ADJUST Knob to 8et the recorder W d l e  
to the zero line. F b m  the fitter and the instrument 
and recorder u e  ready tor UM. NOTE: During normal 
8urwy use, It Is k s t  to turn the recorder off to con6erve 
paperand battery pocmt. 

7.26 CAUBRAT” 
7.2.6.1 QENERM. 

EWtmnic and nnchniul djustmentr, other than 
the opomtiorul adjustments on tho 8 W  p.wI, are pro- 
Wed to crllbmte Md rllgn the rwcofUer. 

726.2 MECHANtCALZERO ARlUSfMENf 
a) Snap out me front panel nameplate (using a 

.mrrll bl.ds wmwdrlwr in the left hand slot) for 
-6s to m h 8 n t u i  zero adjust screw, place 
HIOH-LOW Swmh in OFF position. 

b) Unscrew knurled f88tener &t top left of tront 
p.ml, op.n racowr. Pull down piwtic chassis 
L.tch on rlgM 8- to rsle88e tticker bar tension 
on paper and adjust mechaniul zero ~8 re- 
qu4r.d. R.place namep&te, chmris latch and 
~ r , f r o n t p M . l .  

7.26.3 G N N  AAlUsllMEw 
Sopemto adjustments are provtdd for the HIGH I 

LOW nng.8 on the rocorder. (Refer to Figure 7-2-1 tr- -. 1 
a) con- rocodor to OVA and d j u d  OVA tor 

full scale rsrdlng on roadout (about 5 VDC). 
b) loosen knurlsd Wenor on upper ktt of the 

I enQ pull mt paws down. 
c) P w  HIBH-LBW Switch in LOW and d j u d  iR0 

until facoreor prints full S8k. 
d) PWe HIGH4.W 8wltch In HIGH and adjust 

OVA to ryd the de6irsd full W i o  wtth front 
p l  CAUBRATE ADJUST Knob, typluf ly halt 
d o  on the -ut. Adlust R2 until recorder 
mads full  &. NOTE: Full scale adjustment of 
th . rowfdor tor112~ontheOVAgiw8a 
gmIn incru8e of two (2) In the Might of the peak 

d r r o m d o g ~ .  mk t8 th. kctow w 
pornt tor th. HIGH Wn mnw; howwor, other 
pdnb OUI k mu duirsd wlth5oPpm full 
o d e  on the m r n k  u n b  and a gain of 
thm (9) on the l l n u l  unb k i n g  the muimum 
obtrinmbiewtthoutampl~rkding. 

7.2.7 SAFETY 
Due to the low power rrquiromnta o f  the recorder, 

one m0d.l nu beon for uae wlth Century’s 
line o f  cvrtlfhd intrinrlally u f e  Inrtruments. The only 
difference bawnn me two models I8 a hepvy blue 
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FIGURE 7-2-f. RECORDER CONTROLS AND 
AOJUSTMENTS 

tdo8coping probe. When r . g l . t i n g  th. up ond oftor 
nfilllng, O M  wrtrp of 1 I 4  Inch t o f m  t8Qo should be U8.d 
to SUI M. m M s .  n o  r.commcMdd rcttcnt.d e m -  
cod for u s ~  in th. flltw ir BUn&oy-Ulonry, Tym Gi- 
am. 
Tho iifo of tho nltor will dopond on tho Umo in ud. urd 

m. eoncontmtbns of tho EompoUnd8 Wng flttorod. 
Undu typicor industrid air monitoring conditlona, MO 
IWtw will lsst for m y  days of mtlnuous sunpling. 

7.4 OVA SAMPLE OILUTOFI 
An adlust8bJo Sunplo Dllutor Assmnbly, PIN SlOEZ¶- 

1, is nrikblo u M o g t r d  ~ ~ 0 8 8 ~  for u# on dt- 
c.ntu9 pomrblo OfQank V.por Anrly2.n. Tho dilutor 
m y  b. djuaod OWI tho r8ngo of $ 1  to Wl in OVA 
W-SO. In og.rrrtlon, tho dilutor ia 8m~h.d  to tho 
and et th. toleacoping pmb. or m y  k connut& by 
0xt.mrl tubing to th. input flttlng of M. OVA sido p.ek 
c.... Dilution of mo air bdng monrtorod is ucomplisb 
ad by strrrrm splimng mrough tho uao of 8 nodlo v r l v .  
on mo sunp~o input. An activated chucocrl ScCrUbbU is 
in8ortd in tho main alr supply tino to Mo OVA MU 
scrubs mo ur CIWI of organic v w r s  and atso eroatoa 
slight vacuum at ita output s~do of tho scrubber urd tho 
vacuum at tnts point draws tho semp~o ur through tno 
n..dlo vJve whom it mixea with tho nuin dr supply go- 
ing to tho OVA dotutor. 

This dilution V ~ V O  prOVldO8 a meum of sunpiing 
vapor Iwots aeovo tho lower exploarvo Jwd (la) urd 
in oxyqon doficiont atmoaphwos. Thoso condltiona CIC) 

occur in n o m  I- or SOUTCO survoy aa MO o m o r  
got8 CIOM to mo teak or vapor souno 01 in monitorlnQ 
various m8nufacturing or matorid hurdllng pmcossoa. 
Apgroxim8toly 14Y0 oxygen IS required to susWn o m  
tlon of mo FID in tho OVA. 



9.4.1 SElTlNG DILUTION RATE 

1,oQo to 5.m ppm. Any sultable 0.8 u n  k u m ,  such 
as butane from a cigarette Ilghter; however, a com 
pound stm1l.r to thoro to be measured provider grutor 
accuracy. The actual concentration of the w doer not 
have to be known, alnw the dllutlon rate is .Imply 
mktlw W I .  

Obtain an OVA rudlng on the vapor sample wtth the 
dllutlon valve mmovsd. Then In.t.11 tho vah ,  loown 
the jam nut and turn the noodle vatw unUl tho meter 

tho dllutlon factor be8lr.d. Retlghten tho ).m nut. 
tt rhould be noted t l u t  when the dllution v a h  k uwd 

for natural g u  l u k  r u m y  and pinpolntlng th.1 tho char- 
C0.I filter wlll not m m  the methane from tho dllutkbn 
.ir rupply. a r e  rhouM be taken ao that natural gu I8 
not &lowed to onter the mdn rlr Inlet. 

7.5 OVA SEPTUM ADAPTER 

-0P.fO @ample In a at a hlgh h l .  typlUlly 

W i n g  comapondr tO tho OrlglMI dMd.d by 

A Septum Adapter, PIN 51MUS1, I8 avallabb for dim4 
on-itne m p l o  Injection to the GC cdumn Inkt. Th. 
Septum -or mount8 directly on tho OVA front pawl 
and rompk Injoctloru, trOm .a25 to 2.5 cc may be mrdo 

urlng a gu tlght syringe. Thlr prwldos a mnge of ren- 
8fiiVity Of .pproxlnutely 10% to 1m.k Of the OVA Stan- 
dard valve, whlch ha8 a umple loop volume of approx- 
Inutely 0.25 cc. Syrlnge Injectton a n  cawe a f1amu-c 
howevmr, the OVA may be relgnltd after the Injecttot 
mado. Tho alr In tho sample must elute from the column 
bo- mlgnhlon u n  be made. The time for the aIr peak 
to oluto wlll k a fundon of tho column length and the 
volume of tho sample Injected. For example, a 1 cc urn- 
pk Into a 12" column will mqulre wetting approximately 
S woondr; and, a 2.5 cc umple into a 48" column wlll 
mquln .pproxlmmt.ly 20 ucondr. 
Th. Sapturn A d . p t . r  also provlder a mcunr whereby 

.unpkr cm bo W o n  from oxygon defklent at- 
m#gh.rr, or pmcau 8trums and Injectd dlmtly In-  
to tho chromrtognqh. Cludrpaca analysis n u y  also be 
~ m p l l r h o d  urlrtg tho Septum Ab.pter and a syringe. 

Whm the Soptum Ad8pter Is Inrt.lled on the OVA, the 
nom1 OC umple VWO may atlll be used altemrtely 
wtth the ryrlngo lnJ.ctlm. In addltlon to nrkble umple 
rke and 8enrltlvtty, 8yrlnge Injectloor wlll normally pre 
vide groator symmetry and reduced Wlinq of 
chronutogram pukr u compared wlm the rtanebrd 
d w  injoctlon. 

Unscrew to replace charcoal 
7 Readout Adapter 

slip Fit - L Teflon Tape on threads 

ilutioa Valve 

L OVA Telercoping 

am Nut 

Needle Valve with Wrench F1.U 

muw 741. ova ~AMQCE ~LUTOR 

'eedle Valve with Wrench F1.U 

muw 741. ova ~AMQCE ~LUTOR 
-- 

. L O V A  Telercoping Probe 



Date Type Injection 
Column 
S-ple 
Temp. C ChartSpeed 
GC S /N Range 
Re corde r Scaling 
Carrier flow ml. /mh. 
Other Condition8 : 



APPENDIX “A” 
OVA-128 

This Appendix includes the following: 

Sample forms and typical ApplicatlonlTech Notes 

Side Pack Assy Dwg. No. 510605 
Side Pack Assy Parts List No. LM510605 

Electronic Component Assy Dwg. No. 510570 
Electronic Component Assy Pans List NO. LMSl0570 

Cylinder Assy Dwg. No. 510055 
Cylinder Assy Pans List No, LMSlOO55 

Schematic Wiring Diagram Ow& No. 510555 

The assembly drawings and parts lists provide loca- 
~ ~ ~ ~ ~ ~ ~ ~ ~ t 6 ~ ~ ~ ~ ~ i ~ n  information necessary tor 
maInlenance, trouble shooting ana papas 
drawings are furnished only for ret~rence and afe sub- 
Ject to change without notice. The schematic Wifing 
diagram is for use in trouble shooting tor possible eleC- 
tronic or wlring problems. Note th8t components that 
care not accessibie for safety reasons on the certified ifi 
stfuments are no: shown on the schematic. However, 
typical sQnal levels at selected points are shown. 

In using the dr&wings and parts list to locate items 
described in the Maintenance Section of this mrnu81, it 
may first be necessary to identify the item In the 0.m 
llst (by nomenclature), then refer to the corresponding 
Item number on the drawing for loution. 



SIDEPACK ASSY/COLUMN TITLE CENTURY SYSTEMS 
OVA-128 

1 1 1 

2 1 

3 1 

-1  C o d .  OVA-128 I -2 Conf. OVA-128 w/column 

- -  .-.L 5 1 05 08 - 1 C a s e  A s s ~ .  

1 5 LpOLj5- 1 C v w  A s s v .  

1 510542-1 Ratterv Pack Assv.  

22 

23 

2 4  

25 

1 1 1  510622- 1 I Cover 

3 3 MS 3 54 5'7-4 Screw 4-40 x 314 Socket Head, Cad. 

1 1 3305-11-46 Thermostat, 7 5 ' ~  

I A 
1 

26  A/RA/R 

27  2 

i /1\ Identification Plate 

5 10568- 1 Soring 
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I CENTURY SYSTEMS 
E L E C T R O N I C  C O M P O N E X T  ASSY I nfLE 



LM 510570 Pg. 2 of 3 
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LM 510570 Pg. 3 of 3 
t 

84 80 Spacer, . t 5 0  dia. x 1 / 8  thk. , 8 6  1 1 . A -4 to be used effective SIN 1400 and 
up with Ercap Motor UPL-I 1-213-35. 
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TITLE 
CYLINDER ASSY CENTURY SYSTEMS 

~ ~- 

- 1  C o d .  OVA-88, 98, 118, 108, 128, 1 3 8  LM 510055 
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CARE AND FEEDING OF THE 
"MINI" 81 "DIGITAL" 

1. GENERAL RECOMMENDATIONS 
THE FOLLOWING RECOMhlEN'3ATIONS A R E  PRO- 
VIDED A S  A SUPPLEVENT T O  TtiE CONDENSED 
OPERATING lriSTRClCTl0N.S MOUNTED Ih THE 
CARRY ING CASE 

0 h'heir rrai1sjerrit:g jiow Grie J ~ J I U I K J ~  to airofher, 
thorough!), rii,si ric.;rrode with wafer. s/l3.k!tlg ojf 
an! excess wJier T,!,l siwple proceilure will p r o  erii 
"carry.orer" conr3i?t!,ic(ioii hcrrceerr samp1t.i. 

0 Afler ifnfnsrsirtg r!ec!tode in s;nlple or h i r j f ' x  sfir 
snltrrion sligilrlj ro !~~;pro~e e!c*L.rrode rrspotise lime. 

0 When sforiiix e!cciro,de fdr esfended penod. pu: 
several drops of dijf:!!2d warcr V I  plcs[iL. boor a d  
place boor over end of elecrrodr. 

0 Oprimum perfdrm/: . i  is ohroined wlierr buf/>rs and 
samples are a! the s.rni2 rc.mperarwe. 

0 If calihrars or i p ~ i i  zJjustmrn:r are made per Sreps 1. 
5, and 6 of the Codenred Optraring lnsrrucriorir 
(Sreps 5, 6 & 7 jor malog RiCt2rJ.  repeat Oreme steps 

11. TEMPERATUHE iSFAbi) COMPENSATION 
The "TEMP" knob s x v e 5  toe dua! funcriun of ho:h 

temperature compcnsatiaii and spas adjustment. 
S m e  pH e!ectrode cldiput I S  ternparacure dependent. 

the "TEMP" control cm:eCts for changes in electrcda 
output with rernperarJre. Th4.l- as solution temperature 
changes. the "TEMP" knoo mutt be adjusted ac 

st- 
tog the span of the rnetrr to compensate for elerrrodes 
having less than th2 tneoo;etical ~ u t p ~ ~ t  voitage. The call- 

IO Check Ut"' S2Cf l l l ,< i .  

The "TEMP" cont<al also prG/ideS a rnea:is 





- I 

bration procedure I ibtrd  in the Condensed OPWating In. 
structions performs thespan adjustment when :%e”TEMP” 
knob is set to give a reading of 4 0 in 4 01 PH buffer 
Thus when the calibration IS complete, the ’ TEMP” knot 
may be set to a temperature other than the actual sol- 
tien temperature 

In such cases. the observed ‘ temperature setting d 
ferential” indicatm the amount of spac. adjustment r 
quired for proper calibration I f  it becomes nacessary 
adjust the ”TEMP” knob because of changes in folutiL 
temperature, ma8ntntn rha above ”temperatJre dtffare- 
tial” for the new temperature setting Note For optimu 
performance, all solutions should be at the same temper 
ature 

111. USE WITH @UFFER SOLUTION OTHER 
THAN 6.86 AND 4.01 pH 

Some applications may require the UK of buffer rob 
tions other than 6 86 and 4 01 pH In these cases, the 
Condensed Operating Instructions must be amended as 
follows 
e Srep Co 4 (>+lo 5 for cnz’og meter) - Immeise elec. 

trode 11: the hujfer iolurio~l lricirrg a pH ralue nearest 
to 7 pH Tuin “C4LIBR 4 TE * knob so metcr reads 
correct pM vcllrre 

0 Step 3‘0 6 (,?o 7, ,, nctcr) - Immmr e!ec- 
trod? ‘ti X Z C O I : ~  b.i/I,*r s o l ~ ~ t i ~ , t ~  ~ n d  t w t l  Tb VP” knob 
(span cdps t )  s3 ni?’u r x x  correc; pH value oj 
bujjfer solution 

IV. MEASUREMEPiT OF: DEIONIZED WATEF 
The measurement t f  ceionized r‘ater or 0th 

buffered solutions require, addirioial care to I 

isfactory readings SolLtions cf th-s natura arc, 0 

L 
t 

fror,, the p~r~. io-s  sample contamination by ”carry aver 
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SHIPPING CHECK L I S T  

MODEL 10  _ _ _  

1 each P o r t a b l e  Conduct iv i ty  Meter 
1 each  # 1100 C e l l  
8 each {,t 88 A l k a l i n e  B a t t e r i e s ( i n s t a 1 l e d  

MODEL 10A 

1 each P o r t a b l e  Conduct iv i ty  Meter 
1 each # 1100 C e l l  
8 each 
1 each # 86  Charger 

# 6799 NiCd B a t t e r i e s ( i n s t a l 1 e d )  

MODEL 10B 
b each P o r t a b l e  Conduct iv i ty  Meter 
b each  # 1100 Cell 
8 e a c h  
1 each  # 6436 720  m i c r o d o  s tandard  

1 each # 6437 6680 micromho s tandard  

# 6799 NiCd B a t t e r i e s ( i n s t a 1 f e d )  

s o l u t i o n  (1 p i n t )  

s o l u t i o n  (1 p i n t )  
1 each #13388 Carrying c a s e  
1 each # 6793 
1 each  # 86 Charger 

Stand w i t h  b a s e ,  c l i p  and r 

-2-  



WARRANTY 

The number on the attached packing 
l i s t  o r  invoice i s  your reference number 
f o r  warranty se rv ice .  Please r e f e r  t o  
t h i s  number when inquir ing about t he  
instrument.  

m e t e r  aga ins t  defects  i n  workmanship or  
materials f o r  a period of one year from 
the  da t e  of s a l e .  Warranty w i l l  be allow- 
ed whenever j u s t i f i e d ,  but a l l  warranty 
claims must be reviewed by the  manufacturer. 

add i t iona l  p a r t s  o r  accessories ,  please 
contact  MARKSON SCIENCE a t  (800) 854-2822. 

Shipping damage, damage due t o  user  
mishandling and normal wear and t e a r  are 
n o t  covered under warranty. 

Shipping damage claims should be f i l e d  
w i t h  t he  carrier;  they a r e  not  covered 
under warranty. I n  the event damage i s  
no t iced ,  r e t a i n  a l l  packing mater ia l  f o r  
c a r r i e r  inspec t ion .  

.? MARKSON SCIENCE warrants its Model LO 

I f  shortages are noted or you requi re  

The r e t u r n  address for se rv ice  i s :  

MARKSON SCIENCE I N C .  
53% Stevens Ave. 
Solana Beach, CA 92075 

CHECK LIST  

r t a b l e  Conductivity Meter 
11 
ka l ine  Bat te r ies ( ins ta l1ed)  

r t a b l e  Conductivity Meter 
11 
Cd Ba t t e r i e s  ( in s t a l l ed )  

t; z r  

) r t a b l e  Conductivity Me'ter 
511 
-Cd Ba t t e r i e s  ( i n s t a l l e d )  
LO micromho standard 
i l u t i o n  (I p i n t )  
580 micromho standard 
i l u t i o n  (1 p i n t )  
3rrying case 
tand with base,  c l i p  and rod 

S e e  TROUBLESHOOTING sec t ion  f o r  i n -  
s t r u c t i o n s  regarding explanation of 

R problems. 

2arger 

2.. -- 

i 

- 2 -  - % -  



SFECIFICATIONS 

I 
I 

READABILI fl 

x l  
x 10 
x 100 
x 1000 
x 10,000 

Readings below 
non - 1 i n e a r  . 

1-10 micromhos/ I 1  

10-100 
100-1000 

~ 0 0 0 - 1 0 , 0 0 0  
10,000-100 ,000 

1 on the meter could 

RELATIVE ACCURACY 

REPEATABILITY 

f 0.5% of range 

c m  

b e  

CONDUCTIVITY CELL 

The 1100 c o n d u c t i v i t y  c e l l  can func- 

t ion  as a dip type or f low through. It i s  

constrmcced o f  'PVC and epoxy with g o l d  

e l e c t r o d e s .  It i s  temperature compensat- 

i n g  over a range o f  o t o  10Oo C .  

The Model 1 0  meter and c o n d u c t i v i t y  

c e l l  are c a l i b r a t e d  as a unit .  For re- 

placement o f  c e l l ,  r e c a l i b r a t i o n '  may b e  

- 3  



IV. OPEPATION 

A. S e t  IT 

1-10 micromhos/cm 
11 

11 
10-100 

100-1000 
1000-10,000 

~ 000-100 ,000  

In t h e  meter could  be  

1.  Cell  Holder and Stand I n s t a l l a t i o n  

a .  Remove t h e  f l a t  head screw 
from t h e  p o s t  and a t t a c h  t h e  
p o s t  t o  t h e  s tand b a s e  ( f o r  
Model 10B only) 
I n s e r t  t h e  c o n d u c t i v i t y  c e l l  
through t h e  "C" shaped c l i p  
i n  t h e  end o f  the  c e l l  holder  _ ~ ~ .  ~ ~ 

by s l i g h t l y  spreading t h e  jaws 
o f  t h e  c l i p .  C l i p  t h e  holder  
on t h e  p o s t  t o  t h e  d e s i r e d  
level .  

d u c t i v i t y  c e l l  can func- 

e or f low through. It i s  

C and epoxy w i t h  g o l d  

s temperature  compensat- 

o f  0 t o  looo c .  
I meter and c o n d u c t i v i t y  

:ed as a u n i t .  For  re- 

1 ,  r e c a l i b r a t i o n  may be 

)age 11. 

- 
-. -_ 

, 

2 .  Cel l  I n s t a l l a t i o n  

Connect t h e  c o n d u c t i v i t y  c e l l  t o  
t h e  connector  l o c a t e d  a t  t h e  lower 
l e f t  c o r n e r  o f  t h e  instrument .  
Note t h e  socket  and p i n  key.  Do 
Not F o r c e .  

B. C a l i b r a t i o n  

1. Automatic C a l i b r a t i o n  

a .  Turn t h e  ON-OFF knob t o  t h e  
leEt  t o  t h e  BATTERY CHECK/ 
STANDARDIZE p o s i t i o n .  

t o  r e a d  7 .  wC,, ;- 

.t;,n_ 

b .  Adjust t h e  STANDAXDIZE knob, 

- See  S e c t i o n  C f o r  measurement 
procedure. 

-4- 
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2 .  Standardizing S o l u t i o n s  C a l i b r a t i o n  

The automatic  c a l i b r a t i o n  can b e  
used f o r  f i e l d  readings  where 
s t a n d a r d i z i n g  s o l u t i o n s  are n o t  
a v a i l a b l e .  However, if you r e q u i r e  
more p r e c i s e  r e a d i n g s ,  t h e  f o l l o w -  
i n g  procedure i s  recommended. 

a .  Pour about 1.75 i n c h e s  of t h e  
s tandard s o l u t i o n  c l o s e s t  t o  
t h e  c o n d u c t i v i t y  range you w i l l  
b e  measuring i n t o  a t e s t  tube 
o r  b e a k e r .  Four d i f f e r e n t  
standard s o l u t i o n s  are avai l -  
a b l e  (75, 720, 6680, 58650 
micromhos) . See page 10.  

b .  Using t h e  STANDAPZIIZE knob, 
a d j u s t  t h e  meter reading t o  
a g r e e  with t h e  v a l u e  o f  t h e  
v a l u e  o f  t h e  standard s o l u t i o n .  
Move t h e  c e l l  
v i g o r o u s l y  t o  shake f r e e  any 
bubbles  t h a t  might c l i n g  t o  
t h e  i n s i d e  o f  t h e  c e l l ,  
checking c a l i b r a t i o n ,  be c e r t a i n  
t o  r i n s e  the c e l l  with a small 
amount o f  standard s o l u t i o n ,  
then pour i n  f r e s h  standard f o r  
f i n a l  c a l i b r a t i o n .  Lock down 
STANDARDIZE knob af ter  c a l i b r a -  
t i o n .  

up and down 

When 
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Solutions Cal ibra t ion  

c a l i b r a t i o n  can be 
! readings where 
so lu t ions  a r e  no t  
lwever, if you r equ i r e  
meadings, the  follow- 
i s  recommended. 

; 1 . 7 5  inches of the  
iolution c l o s e s t  t o  
: t i v i t y  range you w i l l  
.ng i n t o  a t e s t  tube 

Four d i f f e r  en t 
iolutions a r e  a v a i l -  
720 ,  6680, 58650 
. See page 1 0 .  

STANDAEDIZE knob, 
I meter reading t o  
L e value of the  
2. standard so lu t ion .  
: e l l  up and down 

t o  shake f r e e  any 
lat might c l i n g  t o  
! of the  ce l l .  Ihen 
. a l i b r a t i o n ,  be c e r t a i n  
:he c e l l  with a small 
standard so lu t ion ,  
i n  f r e s h  standard f o r  
.b ra t ion .  Lock down 
:E knob a f te r  c a l i b r a -  

-6-  

C . CONDUCTIVITY IIEASLRENENT : 

1. Turn PSLNGE switch t o  x 10,000. 
2 .  Turn Function switch t o  

3 .  I n s e r t  c e l l  i n  so lu t ion  

4 .  

Conductivity . 
t o  a depth of 1 . 7 5  inches.  
Se lec t  a Range t h a t  gives 
the highest  poss ib le  meter 
reading. 

5 .  A l l o w  approximately one 
minute f o r  the  temperature 
compensation thermistor 
( i n  t h e  t i p  of the conduc- 
t i v i t y  c e l l )  t o  reach 
so lu t ion  temperature. Read 
conduct ivi ty2direct ly  i n  
micromhos/cm and mult iply 
times the PANGE s e t t i n g .  

-7- 
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D. GENERAL TECHT\IIQC"G 

The care  of the  conduct ivi ty  c e l l  and 
proper technique are very important 
f o r  accu ra t e  readings,  

1. Before using, thoroughly c lean  the  
c e l l  of d i r t ,  grease and old 
sample by washing i n  a so lu t ion  of 
w a r m  water and a mild detergent .  
Rinse c e l l  i n  D I  water several  times. 

2. Be c e r t a i n  you have enough so lu t ion  
t o  reach  both c e l l  e lec t rodes .  I f  
you a r e  not  ge t t i ng  a change i n  the 
reading when you change so lu t ions ,  
you may not  be making contac t .  
t h e  f l u i d  level three  inches up the  
c e l l .  J i g g l e  the  c e l l  up and down i n  
the  so lu t ion  t o  remove any a i r  bubbles. 

Raise 

3 .  I f  you purchased the b a t t e r y  
recharger ,  ca ta log  number 8 6 ,  use 
i t  whenever poss ib le  t o  r e l i e v e  
d r a i n  on t h e - b a t t e r i e s .  Tine meter 
w i l l  n o t  func t ion  without b a t t e r i e s .  

4 .  en measuring sa  r i n s e  the  
c e l l  t h ree  times wi t t i  deionized 
water ,  p referab ly  by squ i r t i ng  
w a t e r  through the c e l l ,  between 
samples t o  reduce the p o s s i b i l i t y  
of cross-contamination. 

-8- 



onduct iv i ty  c e l l  and 
a r e  very important 
i ngs .  

thoroughly c lean  the  

,hing i n  a so lu t ion  of 
td a m i l d  detergent .  
L Df water several  times. 

grease and o l d  

)u have enough so lu t ion  
1 c e l l  e lec t rodes .  If 
; e t t i n g  a change i n  the  
you change so lu t ions ,  

)e making contac t .  Raise 
re1 three  inches up the  
the  c e l l  up and down i n  
t o  remove any a i r  bubbles. 

3 the b a t t e r y  
staLog number 86 ,  use 
Dossible t o  r e l i e v e  
b a t t e r i e s .  Tne meter 

c t i o n  without b a t t e r i e s .  

ng samples, r i n s e  the  
imes with deionized 
r ab ly  by squ i r t i ng  
h the  c e l l ,  between 
educe the p o s s i b i l i t y  
tamination. 

I *  < 

5 .  After r i n s i n g ,  f l u s h  the c e l l  
with the  sample t o  be measured 
before  taking a reading. This 
i s  e spec ia l ly  important when 
going from a solut ion with high 
conduct ivi ty  t o  one with lower 
conduct ivi ty  . 
Allow approximately one minute f o r  
temper a t u r  e comp ens a t  ion thermi s t o r  
t o  reach so lu t ion  temperature before 
reading.  

6 .  

AFTER USAGE 
The conduct ivi ty  c e l l  should be S, q c f k n r  
thoroughly rinsedh-*M, then 4F;eXOi 
s tored  i n  a cool ,  d r y  place.  

BATTERY CIUHGE 
To change b a t t e r i e s  unscrew 
the  four screws i n  the corners 
o f  the  f r o n t  panel.  Carefully 
separa te  the  f r o n t  panel and 
at tached c i r c u i t  board from the 
case.  The b a t t e r i e s  a r e  
a t tached  t o  the back of the case.  

I 

I 
! -  
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V. YAINTENAJACE 

A. Replacement and Spare  P a r t s  L i s t  

#llOO C o n d u c t i v i t y  Cell 
$6435 C o n d u c t i v i t y  s tandard  

8643 6 C o n d u c t i v i t y  s t a n d a r d  

iL6437 C o n d u c t i v i t y  s tandard  

4643 8 Conduct i.vi ty s t andar d 

116793 S t a n d  w i t h  b a s e ,  c l i p  and rod  

# 86 Recharger  
# 88 A l k a l i n e  Bat ter ies  8 / p k  

0.0005N KC1-75 micromhos 

0.0005N KC1-720 rnicromhos 

0.05N KCl-6,680 

0.5N KC1-58,650 

#13338 Carry ing  case 

#6799 Rechargeable  NiCd B a t t e r i e s  
8 /pk 

-10- 



B. T r o u b l e s h o o t i n g  

Host  problems which o c c u r  c a n  b e  
q u i c k l y  s o l v e d  b y  c o n t a c t i n g  MARKSON 
w i t h  a l i s t  of symptoms. Information 
needed i n c l u d e s  sample s i z e  and comp- 
o s i t i o n ,  and a d e s c r i p t i o n  of what i s  
o c c u r r i n g .  
NAPXSCN h a s  p e r s o n n e l  r e a d i l y  a v a i l -  
a b l e  t o  s o l v e  most o f  your problems 
over  t h e  t e l e p h o n e ,  b u t  should t h e  
meter need t o  come home f o r  r e p a i r ,  
p l e a s e  c a l l  our  t o l l  f r e e  number (800) 
85k-2822 f o r  r e t u r n  i n s t r u c t i o n s .  
( S e e  page 3 f o r  r e t u r n  sh ipping  address )  

I n t e r n a l  R e c a l i b r a t i o n  
The Model 10 meter and c o n d u c t i v i t y  
c e l l  were c o o r d i n a t e l y  c a l i b r a t e d  a t  
t h e  f a c t o r y .  T h e r e f o r e ,  If you have 
t o  r e p l a c e  t h e  c o n d u c t i v i t y  c e l l  t h e  
Plodel 10 w i l l  p r o b a b l y  need an  
i n t e r n a l  r e c a l i b r a t i o n .  
T h i s  can b e  done b y  f o l l o w i n g  t h e  
procedure  be low,  o r  you may r e t u r n  t h e  
meter t o  MARKSUN a t  t h e  a d d r e s s  l i s t e d  
on p a g e  3 and we w i l l  make t h e  needed 
ad jus tment  f o r  a m i n i n a l  c h a r g e .  

and S p a r e  Parts  L i s t  

c t i v i t y  Cell  
c t i v i t y  s tandard  
5 8  K C 1 - 7 5  micromhos 

.c t i v i  t y  s t a n d a r d  
15N K C 1 - 7 2 0  micromhos 

tc t i v i t y  s tandard  

ic t i v i  t y  s tandard  

i wish  b a s e ,  c l i p  and r o d  

r ing  case 
i r g e r  

Li B a t t e r i e s  8/pk 
2 r g e a b l e  NiCd B a t t e r i e s  

i K C 1 - 6 , 6 8 0  

K C 1 - 5 8 , 6 5 0  

PdCALIBRATION PROCEDLTRE 
1 .  Unscrew t h e  f o u r  screws i n  t h e  

c o r n e r s  o f  t h e  f r o n t  p a n e l .  

2 .  C a r e f u l l y  s e p a r a t e  t h e  b a c k  
hous ing  expos ing  t h e  c i r c u i t  
board  a t t a c h e d  t o  t h e  f r o n t  
p a n e l .  

10- 
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3. 

4 .  

5 .  

, - -'? 1 

. .. 1 I .  

Check t h e  b a t t e r i e s  i n  your meter 
a t  t h i s  p o i n t .  
t h i s  w i l l  e f fec t  t h e  accuracy of 
your c a l i b r a t i o n .  

S e t  t h e  FUNCTION switch t o  STAHD- 
AI'DIZE. Turn t h e  STAXDMBIZE knob 
f u l l y  c o u n t e r c l o c k w i s e ,  then t u r n  
t h e  knob c lockwise  about 10% o f  
f u l l  travel .  S e t  t h e  l o c k  n u t  i n  
t h i s  p o s i t i o n .  

There are s i x  p o t s  a c r o s s  t h e  top 
of t h e  i n t e r n a l  p r i n t e d  c i r c u i t  
board as diagramed below: 

If they are low 

a.  

b .  

C .  
d.  

e.  

Turn the Funct ion knob t o  
CONDUCTIVITY. 
R i n s e  t h e  c e l l ,  i n  D I  water, 
shake, and wipe t h e  e x t e r i o r  
dry.  
Set t h e  Range t o  X 100. 
P l a c e  t h e  c e l l  into 720 
micromho standard s o l u t i o n .  
Adjust  R26 u n t i l  a meter reading 
o f  720 o c c u r s .  

-12- 



: t e r i e s  i n  your meter 
1. If t h e y  are low 
tect the  a c c u r a c y  o f  
: i o n .  

:ION s w i t c h  t o  STAND- 
1 the STMqDA2DIZE knob 
- c l o c k w i s e ,  t h e n  t u r n  
:kwise about  10% o f  

S e t  t h e  l o c k  n u t  i n  
1.  

: p o t s  a c r o s s  t h e  top 
ial  p r i n t e d  c i r c u i t  
;ramed below: 
-----R-14 

F u n c t i o n  knob t o  
TITY. 
: c e l l ,  i n  D I  w a t e r ,  
id wipe t h e  e x t e r i o r  

tange t o  X 100. 
: c e l l  i n t o  7 2 0  
s t a n d a r d  solut ion. .  

'6 u n t i l  a meter r e a d i n g  
:curs . - 

6 .  

7 .  

9. 
+ 

10. 

la. 

-8. 

Fol low steps 5 .a  and 5 . b  above.  
c .  S e t  t h e  Range t o  X1000. 
d. P l a c e  c e l l  i n t o  6680 micromho 

s tandard .12  
e .  Adjus t  E28 t o  r e a d  6680. 
S t e p s  5 . a  and 5 . b  
c .  S e t  Range t o  X10,OOO. 
d. P l a c e  c e l l  i n t o  5 8 , 6 5 0  

e .  
Repeat  steps 5 . a  and 5 . b  
c .  S e t  Range t o  X1. 
d .  P l a c e  c e l l  i n t o  7 . 2  micromho 

s tandard  s o l u t i o n  

micsomho standard s o l u t i o n .  
Adjus t  RlO t o  r e a d  5 8 , 6 5 0 .  

e .  
a .  

b .  

Adjus t  R16 D o t  t o  r e a d  7 2 

t h e  i n s i d e  t h e  
ce l l ro  Qrri. 
Turn F u n c t i o n  knob t o  
STANDARDIZE. 

uis~'4cc~an~ op ALC~A.L S b k  1 
R i n s e  c e l h  y y p y -  . I -  * *  

7.; II 

id&:. 
f 
i 

c.  S e t  R27 t o  r e a d  7 .  i 

R e p l a c e  meter backing  
It i s  n o t  n e c e s s a r y  t o  u s e  
t h e  exact v a l u e s  o f  s t a n d a r d  
s o l u t i o n s  s p e c i f i e d  above a s  
l o n g  as  you have s o l u t i o n s  
t h a t  are undoubtably good i n  
t h e s e  v a r i o u s  r a n g e s .  

Rem - mber whenever i n  doubt ,  c a l l  -' 
us. We're g l a d  t o  h e l p .  

S t e p s ,  5 a  and 5b 
c .  S e t  range  t o  X 1 0  
d .  P l a c e  c e l l  i n t o  75  micromho 

e .  Adjus t  R14 t o  r e a d  7 . 5 .  
s tandard  s o l u t i o n  

-12- -13- 
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TECHNICAL DATA MANAGEMENT PLAN 

1. INTRODUCTION 

CEARP Phase 2 Confirmation consists of CEARP Phase 2a, Monitoring Plan, 

and CEARP Phase 2b, Site Characterization (Remedial Investigation). This Technical 

Data Management Plan is one component of the Monitoring Plan for  Rocky Flats 

Plant. The Monitoring Plan typically consists of f ive parts: Synopsis, Sampling Plan, 

Health and  Safety Plan, Quality Assurance/Quality Control Plan, and Technical Data 

Management Plan. Because of the Compliance Agreement made by the State of Col- 

orado, Environmental Protection Agency, and Department of Energy (DOE), this  

Monitoring Plan also includes a Feasibility Study Plan. The Synopsis provides a 

discussion of the current situation and serves as an  introduction to the other plans. 

CEARP uses a three-tiered approach in preparing the monitoring plans: the  

CEARP Generic Monitoring Plan (CGMP), the Installation Generic Monitoring Plan 
(IGMP), and the Site-Specif ic Monitoring Plans (SSMPs). . 

This revised IGMP serves as the Comprehensive Source and Plume Characteri- 

zation Plan required by the Compliance Agreement. Therefore, the acronym used to 

refer to this plan is IGMP/CSPCP. 

The CGMP provides generic guidance and  establishes procedures for conduct- 

ing site characterization activities under CEARP Phase 2 site characterization 

(remedial investigation). The CGMP Technical Data Management Plan outlines how 

the DOE Albuquerque Operations Office will implement data management require- 

ments under CEARP, and provides guidance to Rocky Flats Plant and to Los Alamos 

National Laboratory on data and documentation requirements under CEARP. The 

Technical Data Management Plan directs Los Alamos National Laboratory to establish 

a master data fi le to archive Rocky Flats Plant site- and installation-specific data and 
documentation required for  DOE-Albuquerque Operations Off ice. Furthermore, i t  

establishes reporting requirements under CEARP and DOE Order 5480.14 (CERCLA 

Implementation), with the provision that Los Alamos National Laboratory will per- 

form final report preparation, or, if program implementation is delegated to Rockwell 

International a t  some time in the future, Los Alamos National Laboratory will review 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) TDM Plan Section 1, page 1 



all reports f o r  conformance with previously established program guidelines. In the 

latter case, Los Alamos National Laboratory will document its evaluation for  DOE-AI- 

buquerque Operations Off ice  use in report concurrence prior to its release to the 

public or regulatory agencies. Thus, the CGMP Technical Data Management Plan is  

the foundation f o r  this Rocky Flats Plant IGMP/CSPCP Technical Data Management 

Plan. 

ROCKY FLATS PLANT IGMP/CSPCP Draft F e b r u q  1987 (Revision 1) TDM Plan Section 1 ,  page 2 



2. OBJECTIVES 

Specific objectives of this IGMP/CSPCP Technical Data Management Plan are 

to provide a structured and organized framework in which to identify and document 

contaminants in the Rocky Flats Plant environs. It ensures that necessary informa- 

tion for  preparation of CEARP Phase 2b site characterization (remedial investigation) 

reports and  CEARP Phase 3 technological assessment (feasibility study) reports are 

available, and  that specific reporting requirements under CEARP are met. This en- 

compasses the reporting requirements for  RCRA continuing release sites and CERCLA 

sites. 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) TDM Plan Section 2, page 1 



3. IMPLEMENTATION 

The CGMP Technical Data Management Plan identifies two major types of in- 
formation needed for CEARP Phase 2b site characterizations (remedial investigations) 

a t  Rocky Flats Plant: documentation (e.g., reports, maps, drawings, and aerial pho- 

tographs) and  data (e.g., field measurements and sample analyses). This IGMP/CSPCP 

Technical Data Management Plan specifies how Rocky Flats Plant, L o s  Alamos Na- 

tional Laboratory, and their subcontractors will manage data and what documentation 

will be prepared while performing the CEARP Phase 2b site characterizations 

(remedial investigations) a t  Rocky Flats Plant. 

Some information collected and managed under CEARP (e.g., data not requir- 

ing rapid retrieval or extensive analysis) may not be incorporated into a computerized 

data base. However, where applicable, an  Information Management System will be 

implemented. General guidance for  an  information management system is presented 

in Appendix A of the CGMP Technical Data Management Plan. Specific components 

of an  Information Management System are identified in this IGMP/CSPCP Technical 

Data Management Plan, Section 2, Information Management System Description. 

American Standard Code for  Information Interchange (ASCII) formatted data files 

will be produced on magnetic media for archiving a t  Rocky Flats Plant and Los 

Alamos National Laboratory and for  possible future  transfer among computer systems. 

The Information Management System will maintain a system access security . 

level that  meets requirements of DOE Order 1360.2 (Computer Security Program for 

Unclassified Computer Systems) and Albuquerque Operations Office Order 1360.2A. 

These orders establish procedures to be followed in establishing a computer security 

program for unclassified computer systems. A computer security plan will be submit- 

ted to DOE-Albuquerque Operations Office for  review and approval as required by 

DOE-Albuquerque Operations Office Order 1360.2A. 
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4. DATA AND DOCUMENTATION REQUIREMENTS 

General criteria for acceptance of data and documentation are presented in the 
CGMP Technical Data Management Plan, Section 2.2, and in the IGMP/CSPCP Quality 
Assurance/Quality Control Plan, Section 4. These criteria apply to data and docu- 
mentation collected or utilized under CEARP at  Rocky Flats Plant. These criteria es- 

tablish guidelines for acceptable, marginally acceptable, and unacceptabie inf orma- 

tion. Data maintained in the Information Management System data base will be 

labelled accordingly, based on adherence to procedures involving data collection and 

evaluation described in the IGMP/CSPCP Sampling and Quality Assurance/Quality 

Control Plans. 
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6. DATA REPORTING 

Data reporting under CEARP for Rocky Flats Plant will follow the guidance 

set forth in DOE Order 5480.14 (CERCLA Implementation), as outlined in the CGMP 

Technical Data Management Plan. It will be responsive to EPA guidance for report- 

ing on remedial investigations and feasibility studies under CERCLA, as well as re- 

medial investigations and corrective measures under RCRA for continuing release 

sites. Reporting for site characterizations (remedial investigations) a t  Rocky Flats 

Plant will be provided in the CEARP Phase 2 b  site characterization (remedial investi- 

gation) reports, as discussed in the IGMP/CSPCP Synopsis. 

General guidance on CEARP Phase 2 reporting requirements is provided in the 

CGMP Technical Data Management Plan, Section 5.1. Additionally, effective analysis 

and  reporting methodologies, as components of an  Information Management System, 
will be implemented as described in Section 8.3 of this plan. 
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7. DATA ARCHIVE 

As described in the CGMP Technical Data Management Plan, a CEARP master 
data  archive for  CEARP-related documentation will be maintained for DOE- 

Albuquerque Operations Office a t  Los Alamos National Laboratory. This data 

archive will contain only that information necessary to document CEARP activities 

and to allow subcontractors to perform additional CEARP-related tasks a t  any given 

site without having to re-collect data. In  addition, this archive will allow easy access 

to relevant information regarding Rocky Flats Plant if i t  becomes necessary to 

reevaluate sites. Data archival for CEARP will be consistent with DOE Order 
1324.2A (Records Disposition). A parallel data archive will be maintained at  Rocky 

Flats Plant. 
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8. INFORMATION MANAGEMENT SYSTEM DESCRIPTION 

This IGMP/CSPCP Technical Data Management Plan outlines procedures to be 
used in archiving, manipulating, analyzing, and evaluating physical, chemical, and bi- 

ological data collected during site characterizations (remedial investigations) a t  Rocky 

Flats Plant. An Information Management System provides an effective mechanism 

for  data management. 

8.1. INFORMATION MANAGEMENT SYSTEM 

Specific objectives of an  Information Management System are to 

- enable rapid, cost-effective determination of the extent of contami- 
nation at  affected sites and to support technology assessments 
(feasibility studies), standards/criteria development, remedial action 
planning, and design of subsequent field investigations; 

- enable effective electronic transfer of data and information; 

- minimize personnel time required to manage, analyze, interpret, and 
report information; 

- apply automated techniques to archive, manipulate, and analyze en- 
vironmental data from a centralized, structured data base; and  

- provide an  integrated, systematic approach to data management and 
analysis. 

8.1.1. Information Flow Processes 

An Information Management System emulates the information flow processes 

through application-oriented, problem solving techniques that deliver technical and 

managerial summaries from massive amounts of data. Figure A-1 (Appendix A) sep- 

resents a conceptualization of an  information flow process based on examination of 

workflow procedures and decision making requirements. Basic Information Manage- 

ment System components are identified below: 

- data collection requirements 
- data encoding 
- data review 
- data base management system 
- data entry 
- data  verification 
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- data -base 
- data editing 
- data modification and deletion 
- data analysis/presentation preparation 
- data analysis and modeling processors 
- data evaluation/design criteria 
- decision/design. 

A description o f  information flow processes and a n  elaboration of Information 

Management System components are  found in  Appendix A. 

8.1.2. Information Manapement Svstem Structure 

T h e  Information Management System will consist o f  two major subsystems. One 

subsystem controls the data base management, and the other controls data reporting, 

analysis, and presentation. Each subsystem will consists o f  several components that 

perform specific tasks. 

. 

T h e  data base management subsystem provides 

- a well-defined, eff icient ,  flexible data base structure, 

- a powerful, eff icient ,  versatile data base manager, 

- maintenance modules f o r  entry, modification, and deletion o f  data, 
and 

- reporting modules f o r  retrieval of basic data. 

T h e  data reporting, analysis, and presentation subsystem provide 

- data manipulation, analysis, and reporting modules for retrieval and 
reporting o f  information; 

- graphics/numerics modules f o r  numerical surface generation, graphi- 
cal display, and spatial data analysis (the graphics system should be 
capable o f  generating various charts [e.g., line, bar, and pie] and 
maps); and 

- a statistical analysis system and program/model library. 

8.1.3. Svstem Access Securitv 

Computerized data base management systems will be secured in accordance 

with DOE Order 1360.2 and will follow procedures f o r  implementing computer 
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security programs in accordance with DOE-Albuquerque Operations Order 1360.2A. 

These orders establish security programs for unclassified computer systems; in no case 

will these systems archive or process classified information. Primary aspects 
involving security are  as follows: 

- controlling access to data for retrieval and update, 

- protecting data from accidental loss, improper use, alteration, ma- 
nipulation, or unauthorized disclosure. 

Basic methods for tracking and maintaining security are as follows: 

- identify the person who last entered or modified data,  

- log the date on which the entry or update was performed, 

- track whether data has been validated and locked from further 
changes or uses, and 

- track whether data is available for viewing and which access is per- 
mitted by which individuals. 

8.2. DATA COLLECTION AND ENTRY 

This section provides guidelines for  data collection and entry into the Informa- 

Data collection forms and required formats for magnetic tion Management System. 

recording of data  are  described. 

8.2.1. Data Collection Forms and Formats 

Standard data collection forms provide a means to record data in a consistent 
format that reduces individual interpretations and preferences. By illustrating meth- 

ods to be used in reporting data, identifying appropriate units of measure, and listing 

variable test procedures, standard data collection forms in themselves provide a mea- 

sure of quality control and quality assurance in the data collection effort, This ap- 

proach overcomes difficulties that may arise from changes in  field personnel or from 

use of multiple laboratories for sample analyses, by structuring data collection results 

in a n  objective, rather than subjective manner. 

Standardization of data collection forms may be viewed as a prime factor in 
the overall effectiveness and usefulness of an  Information Management System. Each 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) TDM Plan Section 8, page 3 



data collection- form precisely defines what data are  necessary to accurately charac- 

terize a particular property or relationship. This  reduces the likelihood o f  initiating 

f ie ld  sampling or laboratory analyses, only to discover that key pieces o f  information 
have not been collected and that further sampling is required. Sample data collection 

forms are  shown in Appendix B. 

8.2.2. Automated Data Entry and Transfer 

Data collection may be enhanced through the use o f  automated data entry and 

transfer devices. Although not a consideration f o r  minor data collection efforts ,  these 

systems become cost-effective when large amounts o f  data are processed. They also 

eliminate one potential mechanism f o r  error: manual data transcription. 

T h e  design of a n  automated data entry and transfer system will parallel the 
Information Management System in both function and structure. I t  will incorporate 

mechanisms f o r  data verification, deletion, and modification, and will maintain the 

data type structures that are central to the Information Management System. 

8.2.3. Data Base Design and Structure 

The Information Management System stores data in a structured centralized 

data base that consists of three data regions. T h e  f i r s t  region contains information 

about the installation, the second region contains information common to all sites, and 
the third region contains information specific to individual sites. T h e  Information 

Management System will provide the following: 

- a centralized data base f o r  distributed access and processing that is 
independent o f  processing software, 

- a data management system that minimizes storage space and provides 
e f f i c ient  operating capabilities, and 

- f i l e  structure definition that enhances the abil i ty to access, retrieve, 
and update data. 

8.3. DATA ANALYSIS 

T h e  Information Management System will allow f o r  preliminary examination 

of raw data to assess its integrity, completeness, and accuracy, and to determine its 
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suitability- f o r  further processing and/or analysis. This  will be accomplished by the 

data base management system software that sorts, selects, and reduces numerous 

records o f  information into concise summaries f o r  data evaluation. 

T h e  capabilities o f  data base management systems are further enhanced 

through the use of system processors and utilities, program models, and reporting 

modules designed specifically f o r  the presentation o f  the data in specific formats. 

Data contained in the Information Management System can be accessed to develop i n -  

put f i les  f o r  models that are used to perform simulations and analyses. 

Information may also be analyzed through data enhancement by graphical pro- 

cessors. B y  analyzing data in graphical formats,  it is possible to identify trends and 

irregularities that are otherwise obscure. Graphical processors serve to synthesize vast 

amounts o f  data, and allow for  rapid and simplified display o f  information. 

8.3.1. Data  PreDaration 

T h e  Information Management System will contain algorithms that select and 

format data subjects f r o m  the technical data base to provide input to analytical sub- 

systems. T h e  general analytical subsystems are  

- graphics/numerics subsystem, 
- general graphics subsystem, 
- statistical analysis subsystem, and 
- programs and models subsystem. 

Functionally, data are copied f rom the technical data base and loaded into 

subsystem input files. Data format i n  the input f i les  is f lexible,  and is produced in 

accordance with the specif ic  processing module requirements o f  the subsystem. 

8.3.2. Data AnaIvsis and Reuottine 

T h e  Information Management System provides an applications-orientated ap- 

proach to data analysis and reporting. K e y  components that provide these capabilities 

include 

- versatile centralized data base and distributed processing, 

- maximum use o f  general purpose standard software packages that 
operate independently o f  data base management systems, 
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- modular processing software f o r  e f f i c ient  maintenance, 

- report writer capability for  data reporting, 

- base map graphical capability (digitized maps) f o r  manipulation and 
display o f  spatial reference, 

- general purpose statistical software packages f o r  descriptive statistics 
and hypothesis testing. 

- general purpose graphing capability f o r  display o f  scientific,  techni- 
cal ,  and management data, 

- general purpose numerical surface/contouring capability f o r  data 
analysis and reporting, 

- model library containing appropriate groundwater, a i r ,  and other 
technical programs for data analysis and reporting, and 

- data preparation modules f o r  interfacing external programs and 
models with the data base. 

8.3.3. Statist ical  Data Analvsis. 

T h e  Information Management System includes a statistical analysis subsystem 

to perform standard statistical operations, (e.g., minimum, maximum, mean, standard 

deviation, regression, correlation analysis o f  variance and eo-variance, and hypothesis 
testing). This  subsystem will operate independently o f  the data base management sys- 

tem, enabling i t  to process ~ r ~ ~ ~ m ~ n a ~ ~  data that may not be entered into the data 

base. 

8.4. PROGRAM AND MODEL LIBRARY 

Programs and models acquired or developed will be collected into a common li- 
brary. All  models will be tested to run accurately against standard test data as pro- 
vided in original documentation. T h e  test data and a n  example run pattern will be 

kept in the library. T h e  model library will be composed o f ,  but not limited to, the 

following areas: 

- hydrology and hydraulics 
- groundwater f low 
- aquifer  simulation 
- meteorology 
- solute transport and dispersion 
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- soil and rock mechanics 
- chemical equilibrium 

8.4.1. Data Validation Software 

Specific programs and utilities that analyze and validate the extent, quantity, 

and quality of the data collected should be provided. Such programs include data in- 
ventory reporting and laboratory analysis validation. 

8.4.2. Provram/Model Documentation 

All reference material pertaining to programs or models will be available f o r  

inspection and study. This material may include user guides, system design and oper- 

ation manuals, test input data and output results, and other information as provided 

by the author or agency from which the model was acquired. 

Programs or models which are developed specifically for the project will be 

tested and documented accordingly. 
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APPENDIX A 

INFORMATION FLOW PROCESS 

The overall flow of information (Figure A-I), as described below, is the basis 

for  design of a data base management system. Individual components are integrated 
into operational units that form the Information Management System. 

Data Collection Reauirements. Date collection requirements depend on in- 

tended data  use. For site characterizations (remedial investigations), site assessments 

provide the initial requirements by quantifying the extent of information in the his- 

torical data  base. Subsequent confirmation and quantification of site contaminants 
refine these requirements. 

This process establishes a feedback loop between data evaluation and data 

collection requirements, as shown in Figure A-1. 

Data EncodinE. Data encoding has three steps to control and organize data 

(Figure A-1). This grouping consolidates data recording and handling from field col- 

lection to transfer into the data base. Data encoding considerations include obtaining 

data from the field in a complete and accurate manner and minimizing human tran- 

scription errors. Preservation of integrity constitutes the primary objective of data 

encoding. 

Data quality is subject to and influenced by several primary factors that are 

considered in the data collection process. 

- Units of measure for parameters are consistent for  that  parameter. 

- Low concentration values, values less than a specified detection 
limit, are qualitatively denoted. 

- Significant figures are reported with a consistent number of digits, 
subject to the same *round-off rules, and measured with equal preci- 
sion. Typically, parameter values are reported with a t  least three 
significant figures in order to minimize errors associated with the 
least significant digits. 
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- Outlier values o f  parameters are  carefully evaluated. Outliers are  
caused by chemical spills or leaching, inconsistent sampling or ana- 
lytical methods, errors in data transcription, order o f  magnitude er- 
rors (decimal point position), and correct but extreme measured val- 
ues. 

Standard data collection forms uni fy  the content o f  information regardless o f  

its origin. This  methodology consolidates data collection possibilities into groups o f  

information pertinent to identified problem-solving needs. This  focused approach 

protects against collection o f  invalid or redundant data and eliminates critical data 

gaps. Standard data collection forms correspond directly to the technical data base. 

Equally important to data collection are standard operating procedures that 

outline the steps to be taken in data acquisition and review. These procedures ad- 

dress the integrity, validity, and security o f  information based on the objectives out- 

lined above. Operating procedures also provide the vehicle f o r  establishing authority, 

responsibility, and accountability for  the acquisition and classification o f  data. 

Data Review. T h e  foca l  point o f  data collection and any data base manage- 

ment system is manual data review f o r  completeness and accuracy. T h e  above discus- 
sion on data encoding concentrates on data organization and consistency through 

standard data collection forms. While these mechanisms strive to ensure regularity in 

collected data, they do not guarantee that correct data has been obtained in accor- 

dance with original data collection requirements. 

Data review provides a checkpoint f o r  enforcing data collection requirements 
by assessing whether the program implemented has been fulf i l led as planned. This  

review typically involves evaluating whether there is a full set o f  data and whether 

the collected data is reasonable. T h e  enforcement process is accomplished by return- 

ing data to the f ield or laboratory f o r  revision or completion as necessary. 

Data Base Management Svstem. T h e  data base management system, either 

manual or automated, conducts data into the data base and routes data to a variety o f  

analytical and/or report processors, T h e  automated data base management system ap- 

proach a f fords  a significant advantage over its manual counterpart in its ability to 

perform repetitive analyses on the same set o f  data under varying problem-solving 

conditions. 
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The following stages in the information flow process are considered to be part 

of the data base management system. 

- data entry 
- data verification 
- data base 
- data editing 
- data modification and deletion, and 
- data analysis/presentation preparation. 

Data Entrv. Data entry methodology is intended to be independent of data 
base organization and structure. The primary focus is on efficient entry of data into 

the data base by linking data encoding with standard data collection forms and oper- 

ating procedures. 

Data Verification. Data verification identifies errors, determines data gaps, 

and ensures that the information hierarchy requirements are satisfied. Verification 

can range from simple value checking to examining relationships among data types. 

Verification ensures data base integrity by rejecting unacceptable data. 

Data Base. In its simplest form, a data base is an  organized repository for  i n -  

formation which provides access by analytical techniques. The data base itself is cen- 

tral to the information flow process. Information is consolidated into well-defined 

files, which are  logically connected by identification fields. 

Data Editing. Data editing is used af ter  data entry to rectify anomalies that 

jeopardize the integrity of the data. Maintaining the contents of the data base keeps 
the data repository current and viable. Although standard forms and operating pro- 

cedures are  used to collect data, data entry errors may still be made. Data editing 

provides a means of correcting, verifying, and then re-entering data  into the data 

base. 

Data Modification and Deletion. As described in the section on data editing, 

the data base must be maintained. Data modification and deletion function in a sim- 

ilar manner to data entry, in - tha t  the same degree of regard for  data quality and in- 

tegrity is adhered to. Data modification and deletion requests are routed through 

data verification prior to any updating of the data base. 
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Data Analvsis/Presentation PreDaration. Data analysis and presentation prepa- 

ration are the means by which data are transformed into effective information. In  

this process data fields are collected from various data base files and a new fi le  con- 

taining data common to a specific analysis requirement is  generated. The new fi le  

includes calculated values and coded data translated as necessary. The significance 

o f  this component o f  the data base management system is the generation o f  many 

files that are the precursor to f inal  analysis and presentation o f  the data. 

Data Analvsis and Modeling Processors. Data analysis and modeling processors 

provide the transition from data acquisition to data analysis in the information flow 

process. These processors include graphical and numerical systems, analytical systems, 

and modeling systems. 

Data Evaluation/Desim Criteria. Following data acquisition and data analy- 

sis, the information flow process is intercepted by the analyzer/designer. This stage 

culminates in the f inal  decision made from data, data analysis, and data evaluation. 

Two significant feedback loops branch from this stage of the information flow 

The f irst  loop returns to the data analysis/presentation preparation stage. process. 

Based on review and evaluation o f  data, additional data analysis may be required. 

The second loop returns to the data collection requirements stage. Following 

data evaluation or the application o f  design criteria, additional data collection needs 

may be discovered. 

Decision/Desim. The ultimate end to the information flow process is the deci- 

sions and/or designs made from data evaluation and interpretation. The concern o f  

this f inal  stage is to provide the best solution possible to the decision-maker. 
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DATA COLLECTION 

DAm ENCODING i * w 

TECHNICAL DATA STANDARD OPERATING 
COLLECTION FORMS COLLECTION PROCEDURES 

I ' I  
(COMPLETENESS/ ACCURACY) 

I + DKA BASE 
MANAGEMENTSYSTEM 

DCCFA MODIFICATION 
AND DELETION DATA VERIFICCCFION 

J 

DATA EVALU#TION 
DESIGN CRIEF?IA * 

Figure A-1. IMS Information Flow Process 
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DATA COLLECTION FORMS 

1 -  
2 -  
3 -  
4 -  
5 -  
6 -  
7 -  
8 -  
9 -  
10 - 
11 - 
12 - 
13  - 
1 4  - 
15 - 
16 - 
1 7  - 
18 - 
1 9  - 
2 0  - 
2 1  - 
2 2  - 
2 3  - 
2 4  - 
2 5  - 
2 6  - 
2 7  - 
2 8  - 
2 9  - 
3 0  - 
3%. - 
3 2  - 
3 3  - 

Location Information 2 
Borehole Log (Soil) 3 
Borehole Log (Rock) 5 
Test Pit Log 7 
Well Completion Information 9 
Lithological Summary 10 
Standard Penetration Test 11 
Physical Properties Test 12 
Mechanical Sieve Test 1 3  
Hydrometer Analysis 1 4  
In-Situ Moisture Density Determination 15 
Erosion Properties Test 16 
Rock Properties Test 17 
Permeability Test 1 8  
Capillary Moisture Test 1 9  
Moisture-Density Relationship 2 0  
Consolidation Test 2 1  
Direct Shear Test 2 2  
Unconfined Compression Test 2 3  
Unconsolidated-Undrained Triaxial 'Q' Test 2 4  
Consolidated-Undrained Triaxial 'R' Test 2 5  
with Pore Pressure Measurement 
Soil Sample Inventory 2 6  
Soil Sample Identification Label 2 7  
Water Sample Identification Label 2 7  
Ground Water Level Data 2 8  
Slug Test Data 29 
Pump/Recovery Test Data 3 0  
Surface Water Quality Sampling Record 32 

3 3  Ground Water Quality Sampling Record 
Water Quality Analytical Results 3 5  
Water Sample Inventory 37 
Radislogicaf Data (Reserved) 3 8  
Soil Chemistry Analytical Results 39 

3 4 - Environmental- Monitoring Data 4 1  
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L OC AT1 ON I NFOR M AT1 ON 

I N STALLAT ION  ID LOCATlON ID 
L O C A T I O N  TYPE  LOCATION PROXIMIIY - 
C O O R D I N A T E S  (FT):  NORTH E A S T  

E S T A B L I S H E D  B Y  - D A T E  E S T A B L I S H E D  
L O  CAT ION  D E S C R I P T I O N  

S U R F A C E  E LEVAT ION  ( F T M S L )  

PURPOSE  FOR ESTABLISHING LOCATION 

D A T A  C O L L E C T I O N  R E Q U I R E M E N T S i M E T H O D S  

~~ 

L O C A T I O N  D I AGRAM  

W L  - W E L L  LOCATION PROXIMITY 

S P  - S P R I N G  
L O C A T I O N  r Y P E S  

BH - B O R H O L E  I - WITHIN  INSTALLAT ION  

r p  - rEsr ptr RV - R l V E R l S T R E A M  o - OUTSIDE INSTALLATION 
S L  - S U R F A C E  L O C A r l O N  LK  - L A K E l P O N O  
o c  - o u r  C ~ O P  C H  - CHANYEL lO lTCH  

B-2 
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BOREHOLE LOG ( S O I L )  

P - AIR-PERCUSSION A - AIR ROTARY 
6 - BORED OR AUGERED R - REVERSE ROTARY 
C - CABLE-TOOL f - TRENCHING 

PAGE  1 OF- 

A - AUGER CUTTINGS 
S - 2'O.D. 1.38' 1.0. DRIVE SAMPLE 

INSTALLAT ION ID LOCATION ID 
LOCAT ION TYPE  LOCATlON PROXlMlN 
COORD INATES  ( F T ) :  NORTH EAST  

SURFACE  ELEVAT ION ( FTMSL )  
DRILLER C O D €  CONSTRUCTION METHOD -- 
DATE STARTED DATE  COMPLETED 
DEPTH (FT )  BOREHOLE  DIAM. (IN) 

0 - DUG V - DRIVEN 
H - HYDRAULIC-ROTARY W - DRIVE AND W A S H  
J - JETTED 2 - OTHER (SPECIFY1 

r 

GROUNDWATER LEVELS  LOCAT ION DESCR IPT ION 
DATE  I TIME 1 DEPTH ( F T )  

I 

U - 3' O.D. 2.42' 1.0. TUBE SAMPLE 
r - 3' 0.0 THIN-WALLED SHELBY TuaE 

L 1 
I I I --1 

LITHOLOGIC LOG LOGGER C O D E  

VISUAL DESCRIPTION 

I I I I I  I I I I 

L 0 CAT1 ON P R 0x1 MI TY 
1 - WITHIN INSTALLATION 0 - OUTSIDE INSTALLATION 

CONSTRUCTION METHODS SAMPLE METHODS 

B-3 
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BOREHOLE LOG (SOIL) 
PAGE-OF- 

INSTALLATION ID 
LOCAT ION ID DATE  STARTED 

LlTHOLOGlC LOG 

w 
3 BLOW 

$2 ,: I-  COUNT Z A USCS  
alu U 

( FT )  2; 2: z g  ,,,a a (PER 6 in.) > 

2 - 0  
Y U  W Y  y o  Y 

VISUAL DESCRIPTION 
DEPTH & z  65 to e o  

a 
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BOREHOLE LOG (ROCK) 

P A G E  1 OF- 

I N STALLAT ION  ID LOCATION ID 
L O C A T I O N  TYPE  SIF LOCATION PROXlMlN ,-, 
C O O R D I N A T E 3  (FT) :  NORTH  E A S T  

S U R F A C E  E LEVAT ION  ( F T M S L )  
DR ILLER  C O D E  C O N S T R U C T I O N  METHOD 
D A T E  S T A R T E D  D A T E  COMPLETED  
D E P T H  ( F T )  B O R E H O L E  D IAM.  ( IN)  

GROUNDWATER L E V E L S  LOCAT ION  D E S C R I P T I O N  
D A T F  I TIMF 

I LITHOLOGIC LOG LOGGER C O D E  

I -1 I I I 1 

CONSTRUCTION METHODS 
A - AIR ROTARY P - AIR-PERCUSSION 
B - BOREDOR AUGERED R - REVERSE ROTARY 
C - CABLE-TOOL T - TRENCHING 
D - DUG V - DRIVEN 
H - HYDRAULIC-ROTARY W - DRIVE AND W A S H  
J - JETTED 2 - OTHES (SPECIFY) 

E 5  
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B O R E H O L E  LOG ( R O C K )  
~ ~ _ _  

PAGE- OF- 

I N S T A L L A T I O N  ID 
LOCATION ID 

LITHOLOGIC L O G  

S PAC1 NG 
3EDDED. F.OLIAT(ON, ETC. JOINTSIFAULTS: 
I T  - VERY THICKLY 

r N  - THINLY 

v w  - VERY WIDELY 
w - WIDELY 
M - MEDIUM 
c - CLOSELY 

T - THICKLY 
M - M E D I U M  

/ f N  - VERY THINLY vc  - VERY CLOSELY 

WEATHEillNG 

F - FRESH R S  - RESIDUAL SOIL 
SI. - SLIGHTLY WEATHERED 
MW - MODERATLY WEATHERED 
H W  - HIGHLY WEATHERED 
C'N - COMPLETELY WEATHERED 

D A T E  S T A R T E D  

C ONDlTl ON 

NO - NODULAR S M  - SMOOTH 
M T  - MOTTLED CL - CLEAN 
V V  - VARVED R H  - R O U G H  
BN - BANDED SL - SLIGHT 
S T  - STINGERS 

HARDNESS 

EH - EXTREMELY HARD 
VH - VERY HARD 

H - HARD 
S - SOFT 

VS - VERY SOFT 

E 6  
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T E S T  PIT LOG 

P A G E  7 OF- 

I N S T A L L A T I O N  ID LOCATlON ID 
L O C A T I O N  T Y P E  TP L O  C AT1 0 N PROXIMITY - 
C O O R D I N A T E S  ( FT ) :  N O R T H  E A S T  

E X C A V A T O R  C O D E  C O N S T R U C T I O N  M E T H O D  -, 

D A T E  S T A R T E D  D A T E  C O M P L E T E D  
D E P T H  ( F T )  

SURFACE E L E V A T l O N  ( F T M S L )  .- 

G R OU ND W A T E 3 L E V E L S  L O C A T I O N  D E S C R I P T I O N  
D A T E  I T IME  1 D E P T H  ( F T )  

1 

LITHOLOGIC LOG 

1 

L O G G E R  C O D E  

CONSTRUCTION METHODS 
A - AIR ROTARY P - AIR-PERCUSSION 

SAMPLE METHODS 

B - UNDISTURBED BLOCK 

H - HYDRAULIC-ROTARY W - DRIVE AND WASH 
J - J E T T E O  Z - OTHER (SPECIFY1 

D - DISTURBED BULK 
LOCATION PROXIMITY I E - BORED OR AUGERED R - REVERSE ROTARY 

C - CABLE-TOOL T - TRENCHING 
D - D U G  V - DRIVEN 

I - WITHIN INSTALLATION 
0 - OUTSIDE INSTALLATION 

B-7 
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TEST PIT LOG 
P A GE-0 F- 

INSTALLATION ID 
LOCAT ION IO D A T E  S T A R T E D  

LITHOLOGIC LOG 

VISUAL DESCRIPTION 

I I  I I 

E 8  
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~ ~- 

W E L L  COMPLETION INFOR MATlON 

I N S T A L L A T I O N  ID LOCATION TYPE & 
L O C A T I O N  ID I N S T A L L A T I  O N  D A T E  
W E L L  O W N E 3  I N S T A L L E R  
WELL  TYPE  CLASS. W E L L  C O M P L E T I O N  M E T H O D  
F O R M A T I O N  O F  C D M P L E T I O N  ZONE O F  C O M P L E T I O N  - 
S E A L  END D E P T H  ( F T )  F I LTER  P A C K  L E N G T H  ( F T )  
C A S I N G  E L E V A T I O N  ( F T M S L )  S C R E E N  BEG IN .DEPTH  ( F T )  
C A S I N G  D E P T H  ( F T )  S C R E E N  L E N G T H  ( FT )  
C A S I N G  D I A M E T E R  (IN) S C R E E N  OPEN A R E A  ( IN1FT) 
CAS ING MATERIAL 
COMMENTS  

FILTER PACK MATERIAL: 

TOP  OF C A S I N G  
n 

SACKF ILL  MATERIAL: 

S E A L  MATERIAL: D E P T H  ( F T )  

WELL TYPE CLASSIFICATIONS 

M ~ HONlTORlffi WELL 
P - P400UXION WELL 
T - TEST WELL 

CASlffi MATERIAL 

8 - BRICK 
C - CONCRETE 
D - COPPER 
F - FIEERGLASS 
G - GALVANIZE0 IRON 
I - WROUGHT IRON 
J - STAINLESS STEEL 
M - OTHER MATEL 
N - TEFLON 
P - PVC 
R - ROCKOR STONE 
S - STEEL 
r ~ T u  
U 0 COATED STEEL 
w m WOOD 
b ~ BWER ~SPLCIFVI 

e E o H r B R o b O e i C  FLOW ;LASS 

U ~ UP GRADIENT 
0 - DOWN GRADIENT 
C - CROSS  GRADfENT 
0 - ON SITE 
B - IACI(GROUN0 
N - NOT KNOWN 

LONE OF COMPLETION: 

A - AOUIFES 
C - CONFINING LAYES 

WELL COUCLETION YETHOOS 

C - POROUS CONCRETE 
F 4 3 ~ GRAVEL PACK 

M ~ MORILONTAL GALLEV 
0 = OPEN END 
P ~ PERFORATED OR S C O T T E D  
S - SCREEN 
T - SAND POINT 
w - WALLED O R  snoniD - x - OPEN 
2 - OTHES ISPECIFVI 

E 9  
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i 1 

I 

LlTH OLOGICAL S UMM A RY 
PA GE-OF- 

I N STALLAT ION  ID LOGGER C O D E  
LOCAT ION  ID L O G  D A T E  
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STANDARD PENETRATION T E S T  

PAGE-OF- 

INSTALLATION ID LOGGER CODE 
LOCAT ION ID L O G  DATE  

- 

Ell 
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P Y Y S I C A L P R OP f R TI E S TEST 

INSTALLATION ID 
LOCATION ID LOG DATE  

LAB  C O D E  DATE  RECEIVED 
LAB  SAMPLE  CONTROL ID 
ANALYS I S  CHECKED BY  DATE  CHECKED 
COMMENTS  

SAMPLE  
ID 

TEST  DEPTH INTERVAL LIQUID PLAST IC  PLASTIC ITY SPECIF IC  
NO. (FT)  LIMIT (O'o) LIMIT ( w o )  INDEX ( O o )  GRAVITY 



Q 

a 
W 
> 
W 
0 
W 

w 
I- 

- 
a 

a 
n 

I 

P 
W 
Y 
0 

c) 

W 
c 

?! 

a n 

a 
W s 
2 
W 
> 

cn 
w 
n 
a 
a n 
a 
z 
I- 
co 
(3 

co 
co 
f 
a 
n 
ae 

- 
.J 

> 
U 
W 
I- 

a 

W 
-1 

B-13 
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W 
I- 
4 

(5 
0 

a 

4 

n - 

n 
L 
W 

W 
0 
W 
U 
W 
c 

Q 
a 

n 
W 
Y 
0 
W 
L 
0 
W 
I- 
a 
n 

I I ' I  

- 
I TT 
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IN - SITU MOISTURE - DENSITY DETERMINAT iON 

I N S T A L L A T I O N  IO 
L O G  D A T E  

~~ 

L A B  C O D E  D A T E  R E C E I V E D  
L A 6  S A M P L E  C O N T R O L  ID 
A N A L Y S I S  C H E C K E D  B Y  O G T E  CHECKED 
C 0 M M E N T S  

B-15 
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EROSION PROPERTIES TEST 
INSTALLATION ID 

LOCATION ID L O G  DATE  

S A M P L E  
ID 

LAB  CODE  DATE  RECEIVED 
LAB  SAMPLE  CONTROL  ID 
ANALYS IS  CHECKED BY  DATE  

D OU BLE 
T E S T  DEPTH INTEqVAL  CRUMB TEST  HYDROMETER PINHOLE TEST  
N 0. (FT)  ( y o  DISPERS ION)  

COMMENTS 
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c 
m 
W 
c 
m 
W 
I- 
K 
W 

- 

8 
a 
cb 
Y 
CJ 
0 
B= 

I 
W 
i- 
a 
n 
0 
0 
A -7- 

0 
W 
> 
W 
0 
w 
C 
W 
I- 

0 

- 

a 

W 
c 
U 
n 
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a 

(II 
m 

J 
4 
> 
U 
W 
i-- r: 
x -  
a 
k- 

W 
0 

TT 
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Q 
w 
> 
W 
0 
u 
05 

w 
c 
4 

- 

n 

W 
I- 
U 
0 
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CAP I LLARY  MOlSTl JRE TEST 

I N S T A L L A T I O N  ID L O G  D A T E  
L 0 C A T I O N  ID S A M P L E  ID 

LAB  CODE D A T E  R E C E I V E D  
L A B  S A M P L E  C O N T R O L  ID 
A N A L Y S I S  CHECKED 8 Y  D A T E  CHECKED 
C O M M E N T S  

T E S T  R E S U L T S  I 
I I  I 

I I T E S T  NO.  - I T E S T  NO.- I I T E S T  NC .  I__ 

Mo'STURE M O I S T U R E  
T E N S I O N  CONTENT 

M O I S T U R E  
T E N S I O N  C O N T E N T  TENS'oN C O N T E N T  1 ( B A R S )  1 (s'o) 1 1 .  ( B A R S )  1 ( 9 6 )  1 1 ( B A R S )  1 ( ? / o )  1 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) TDM Plan Appendix B, page 20 



MOISTURE - DENSITY RELATIONSHIP 

I N S T A L L A T I O N  ID L O G  D A T E  
L O C A T I O N  ID S A M P L E  ID 

L A B  CODE ~, D A T E  R E C E I V E D  

A N A L Y S I S  CHECKED B Y  D A T E  C H E C K E D  
C O M M E N T S  

L A B  S A M P L E  C O N T R O L  ID .~ 

I I I I M A X I M U M  
M O I S T U R E  
C O N T E N T  

1 

T E S T  NO. - 
hl 0 I S TU R E 

(PCF)  

T E S T  NO.- 

M O I S T U R E  

(PCF) ( 9 6 )  

T E S T  N O .  - 
D R Y  M O I S T U R E  

D E N S I T Y  C O N T E N T  
( P C F )  ( 96 ) 

( E S T  ME r H OD s s P - s r A N D  A a D P R o c T 0 9 I A S  r m - D 6 9 8 ) 

E-20 
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a 
W 

W 
0 
W 
e 
w 
t- 

Q 

I 

a 

W 
c 
U 
Q 

z 
0 - 
L 

w 
b 

v) 

a > 
a 
W 
c -  

I 
c 
4. 
W 
d 

r t  - 
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0 
W 

W 
0 
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U 

w 
I- 
U 

1 

a 

W + 
0 
a 

v) 
!- z 

I 
0 
2 
.. 

T 

I- 
0 -  
d 8  
a -  
I 
0 
0 
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< > 
U 
W 
I - -  
5 :  
I- 
I- 
n 
a 
W 

Ti 
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PAGE  -OF - S O I L  S A M P L E  INVENTGRY 

[ N S T A L L A T I O N  ID LOGGER CODE 
L O G  DATE  L A B  CODE 

z 
0 
b- 
- 
0"s 
0 
A 

Lu 
A 
a ZP 
U 
(I) 

DEPTH  INTERVAL  
(FT)  

I I  

I 1 .  

I I  

S A M P L E  METHODS S A U P L E  rTPE5 

A - AUGER CUTTINGS C - b 112 CONTINUOUS CORING A . BACIC I IOv*o  U A l E - I I L  

H - 6 112 H O L L O W  S T E Y  AUGER NO - NO W l R E L l M  ROCK 

B 0- >llE u A r E 3 l A r  
f - 2 '  0 3 1 3 8 '  1.0 ORIVE SAMPLE  FLlGtir AUGER 6 - U w i s r u a e E o  S L O C ~  
U - 3' 0 0 2 . 4 2 '  I O  TUBE SAMPLE 0 8  - Q E A R  BIT sa*tPCE 
1 - 3 '  0 0  THIN - W A L L E D  SHELSY TUBE NX - 111 W O C K  C O R I M G  0 - OlSTuR~EO BULK S A U P . 5  

sED'uE*r' 

_- 
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SOIL SAMPLE IDENTIFICATION LABEL 

INSTALLATION ID SAMPLE  r YPE  
LOCAT ION ID SAMPLE  ID 
LOG DATE LAB  CODE  
SAMPLE  DEPTH INTERVAL FROM DATUM:  

BEGINNING DEPTH (FT )  
ENDING DEPTH (FT )  

LOGGER CODE 
I NSTRU CTl ONSi COMMENTS 

WATER SAMPLE IDENTlFlCATlON LABEL 

INSTALLATION ID LOT CONTROL NO. 
LOCAT ION ID SAMPLE  TYPE 
SAMPLE  IO LOG BATE 
SAMPLE  DEPTH ( F T )  LOG DATE 
LOGGER CODE 
P  AT^^^ M ETHBD 
I NS f R 9 CTl8 NS / CO M M E NTS 

B-27 
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GROLlND W A T E R  LEVEL D A T A  

I N S T A L L A T l O N  ID L O G  D A T E  
LOGGEq  C O O E  
C O M M E N T S  

I 

I 

* U S E  2 4 i H O U R  C L O C K  1 
I 

F3-28 
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SLUG TEST  DATA 

I N S T A L L A T I O N  ID 
L O C A T I O N  ID L O G  D A T E  
L O G G E R  CODE S L U G  V O L U M E  ( F T 3 )  
T E S T  M E T H O D  S L U G  INJECT ION  OR ,-. S LUG  W I T H D R A W A L  
C O M M E N T S  

I 

D E P T H  T O  E L A P S E D  T IME  
(MIN.) W A T E R  ( F T )  

B-29 
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I 

~ P U M P / @ E C O V E R Y  T E S T  DATA 

I P U M P  T E S T  
 ELAPSE^ T ~ M E  DEPTH TO PUMPING R A T E  

(MIW.) WATER  ( F T )  ( G A L I M I N )  

0 . 0 ~ 0  

I 

I 
~ 

, I 
P A G E  1 OF  - 

I N S T A L L A k I O N  ID 
L O C A T I O $  ID L O G  D A T E  
LOGGER q O D E  D I S T A N C E  F R O M  P U M P E D  W E L L  ( F T )  

R E C O V E R Y  T E S T  
ELAPSED TIME DEPTH TO  

( M I N . )  WATER  (FT) 
0 . 0 0  

T E S T  S T A R T :  T E S T  END: 
D A T E  D A T E  
T IME  ~ T IME  
S T A T l Q  W A T E R  L E V E L  ( FT )  S T A T I C  WATER  L E V E L  (FT)- 

AVERAGEJ PUMPING R A T E  ( G A L ~ M I N )  
MEA SUREJMENT METHODS 

I B-30 
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PUMPIRECOVERY TEST DATA 

PAGE- OF- 

INSTALLATION ID 
LOCAT ION ID LOG  D A T E  

E 3  1 
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l SURFACE WATER QUALITY SAMPLING RECORD 

INSTALLATION ID LOG DATE 
L O C A T I O ~  IO LOT CONTROL NO. 
SAMPLE I YPE  SAMPLE ID 

SAMPLING PERIOD: START CO MP L ETE 
SAMPLING METHOD LOGGER CODE 
L A B  COD@ DATE SENT 
P RES E RV4TlON M ETH OD 

PARAMETER MEA SURE M E NTS: 

SPEClFlCiCONDUCTANCE E C  urn hoslcm 
REDOX P~TENTIAL Eh mvolts 

A LKA LI NITY (CaCO 3) ALK mgll 

POTENTIAL OF HYDROGEN PH S.U. 

TEMPE R ~ T U  RE TMP OC 

INSTALLAiTlON ID LOG DATE 
LOCATIO$ I D  LOT CONTROL NO. 
SAMPLE TYPE SAMPLE ID 

PE310D: START  CaMPLETE 
METHCD LOGGER CODE 

L A 9  cook DATE SENT 
P RESE RVATlON METHOD 
COMMENIS 

PA 44 M C l k  R MEA SUR E M  E NTS. 

SPEClFld CONDUCTANCE EC Urn hostcm 
REDOX PiOTENTlAL Eh mvolts 

A LKA LI ~ I T Y  (taco 3 ) ALK mg/l 

S.U. 
- 'I 

POTENTlAL OF HYDROGEN PH 

TEMP ERhTU RE  TMP OC 

I 

SAMPLE  T ~ P E S :  SAMPLE MET',IC3S: 

A 1 -  DUPLICATE E - FIELDBLANK G - GRAB SP-  SUBMERSIBLE PUWP 

B - REPLICATE F - TRIPBLANK B - BAILER AL- AIR-LIFT SAMPLES  

CI-  SPIKE G - LAB BLANK PP- PERISTALIC PUMP BP- BLAODER PUMP 

01- KNOWN SL- SUCTION LIFT PU WP 

I 
E-32 
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G R O U N D  WATER QUALITY S A M P L I N G  RECORD 

I N S T A L L A T I O N  ID 
L O C A T I O N  ID 
S A M P L E  T Y P E  
S A M P L E  ID 

P A G E  1 OF 2 

L O G  DATE 
L O T  C O N T R O L  NO. 
S A M P L I N G  D E P T H  ( F T )  

I N I T I A L  G R O U N D W A T E R  D E P T H  ( F T )  
S A M P L I N G  PE410D: S T A R T  C 0 MP L E T E  
S A M P L I N G  M E T H O D  LOGGER CODE  
L A 3  C O D E  D A T E  S E N T  
PRESE3VAT ION METHOD 
C3  M M E NTS 

F INAL  PARAMETER MEASUREMENTS:  

P O T E N T I A L  OF H Y D R O G E N  PH  S.U. 
S P E Z I F I C  C O N D U C T A N C E  Er: u m h o s / c m  
R E D O X  P O T E N T I A L  Eh rnvolts  
TEMPEF IATURE  TMP  " C  
A L K A L I N I T Y  ( C a C 0 3  1 A L K  m g / l  

C O M M E N T S  E c  T E M P .  T O T A L  V O L U M E  
W I THD R A  W N PH ( u m h o s / c m )  

0.0 0.0 0 - S T A R T  P U M P I N G  

( 0  c )  TI M E  

( G A L S )  1 Bora Volumes1 

S A M P L E  TYPES SAMPLING METHODS: 

A - DUPLICATE E - FIELDBLANK G - G R A B  SP- SUBMERSIBLE PLIMP 

8 - REPLICATE F - TRIPBLANK 8 - BAILER A L -  AIFI-LIFT SAMPLER 

C - SPIKE Q - L A B  BLANK PP- PERISTALIC PUMP BP- BLAOOER PUMP 

0 - KNOWq SL- SUCTION LIFT PUMP 

B-33 
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I 

~ 

I ' 
, P A G 5  2 OF 2 

GROUND WATE3  QUALITY SAMPLING RECORD i 
I 
I 

I NS T A L ~ A T I  o N ID LO CAT^;^^;^ 
S A M P L 4  ID 
S A  M P L  L O T  C O N T R O L  

S A M P L E  D A T E  

S A M P L I N G  D E P T H  ( F T )  

I l~ I /  I 1 

I1 I I  1 I 

E-34 
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WATER QUAL ITY  ANALYT ICAL  R E S U L T S  

P A G E  1 OF- 
I N S T A L L A T I O N  ID 
L O C A T I O N  ID L O G  D A T E  
S A M P L E  T Y P E  LOT C O N T R O L  NO. 
S A M P L E  ID S A M P L E  D E P T H  ( F T )  

L A B  CODE D A T E  R E C E I V E D  
L A B  S A M P L E  C O N T R O L  ID 
A N A L Y S I S  C H E C K E D  B Y  D A T E  C H E C K E D  

C O M M E N T S  ' A R A M E T E R  P A R A M E T E R  V A L U E  D E T E C T I O N  UN IT S  OF 
ID + / -  U N C E R T A I N T Y  L lM lT S  M E A S U R E  

S A M P L E  T Y P E S  

A - DUPLICATE E - FIELD BLA NK 
B - REPLICATE 

C - SPIKE G - L A 8  BLANK 
0 - KNOWN 

F - TRIPBLANK 

E 3 5  
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I 

WATER Q U A L I T Y  A N A L Y T I C A L  R E S U L T S  

P A R A M E T E R '  
ID 1 

I 
, 

I 

, 
I 

I 

I 

PAGE-OF - 

P A R A M E T E R  VALUE DETECTION UNITS OF C O M M E N T S  
+ / -  U N C E R T A I N T Y  L IM ITS  M E A S U R E  

I N STALLAT ION  ID 
L O C A T I O N  10 L O G  D A T E  
S A M P L E  f Y P E  LOT C O N T R O L  NO. 
S A M P L E  IO 

, 
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WATER SAMPLE  INVENTORY  

PAGE-OF, 

INSTALLATION ID LOGGER CODE 
LOG DATE LAB CODE 
LOT CONTROL NO 

LOCAT ION SAMPLE  SAMPLE  SAMPL ING INST3UCTIONS/COMMENTS 
ID TYPE ID DEPTH  ( FT )  

1 

I I t 
SAMPLE TYPES 

A - DUPLICATE 

8 - REPLICATE 

C - SPIKE G - LAB SLANK 

E - FIELDBLANK 

F - TRIPBLANK 

D - KNOWN 

B-37 
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P A R A M E T E S  
ID 

I I I I 

S A M P L E  T Y P E S  1 

C O M M E N T S  P A R A M E T E R  V A L U E  D E T E C T I O N  UNITS OF 
- - / -  U N C E R T A I N T Y  L IM I T S  M E A S U R E  

A - BACUGROUND MATERIAL 
8' - ON-SITE MATERIAL 
C - S E D I M E N T S  

B-39 
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P A R A M E T E R  
ID 
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C 0 M M E  NT3 
P A R A M E T E R  V A L U E  D E T E C T I O N  U N I T S  O F  
- / -  U N C E S T A I N T "  L I M I T S  M E A S U R E  

I J 



ENVIRONMENTAL MONITORING DATA 

PAGE  1 OF- 

INSTALLAT ION  ID 
T E S T  T Y P E  LOCAT ION  ID 
LOG D A T E  LOG TtME 
S A M P L E  TYPE  SAMPLE  ID 
SAMPL ING  DEPTH/HEiGHT (FT) 
LOGGER  CODE 

L A B  CODE D A T E  RECE IVED  
L A B  S A M P L E  CONTROL  ID 
ANALYS I S  CHECKED B Y  D A T E  CHECKED 
COMMENTS  

C O M M E N T S  
P A R A M E T E 4  P A R A M E T E R  V A L U E  D E T E C T I O N  UN ITS  OF 

ID  - 1 -  U N C E q T A I N T Y  L IM I T S  M E A S U R E  

AIR - ATMOSPHERIC WIL - WILDLIFE TIS - TISSUE STE - STEM PART LEA - LEAF PART 
CLI - CLIMATOLOGY VEG - VEGETATION BOD - BODY PART AIR - AIR MON - MONTHLY 

MET - METEOROLOGY ROT - ROOT PART DAY - DAILY YEA - YEARLY 

EM1 
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1 .  INTRODUCTION 

CEARP Phase 2 Confirmation consists of CEARP Phase 2a, Monitoring Plan, 

and CEARP Phase 2b, Site Characterization (Remedial Investigation). This Health 

and Safety Plan i s  one component of the Monitoring Plan for Rocky Flats Plant. The 

Monitoring Plan consists of five parts: Synopsis, Sampling Plan, Technical Data Man- 

agement Plan, Health and Safety Plan, and Quality Assurance/Quality Control Plan. 

Because of the Compliance Agreement made by the State of Colorado, Environmental 

Protection Agency, and Department of Energy (DOE), this Monitoring Plan also in- 

cludes a Feasibility Study Plan. The Synopsis provides a discussion of the current 

situation and serves as an introduction to the other plans. 

CEARP uses a three-tiered approach in the preparation of monitoring plans: 

the CEARP Generic Monitoring Plan (CGMP), the Installation Generic Monitoring 

Plan (IGMP), and the Site-Specific Monitoring Plans (SSMPs). This IGMP is the Com- 

prehensive Source and Plume Characterization Plan required by the compliance 

agreement. Therefore, the acronym used to refer to this plan is IGMP/CSPCP. 

This IGMP/CSPCP Health and Safety Plan incorporates the specific safety 

practices and procedural review requirements for Rocky Flats Plant. 

The CGMP Health and Safety Plan provides generic guidance and establishes 

procedures for conducting site characterization (remedial investigation) activities un- 

der CEARP Phase 2. It outlines how the DOE-Albuquerque Operations Office will 

implement health and safety requirements under CEARP. Specifically, i t  provides 

generic guidelines and procedures that will be employed by Rocky Flats Plant and 

Los Alamos National Laboratory during CEARP Phase 2b site characterization 

(remedial investigation) activities to protect the health and safety of personnel in- 

volved in CEARP. Thus, the CGMP Health and Safety Plan becomes the foundation 

for  the Rocky Flats Plant IGMP/CSPCP Health and Safety Plan and is incorporated, 

as appropriate, by reference. 
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2. POLICY AND STANDARDS 

It is DOE’S policy that its operations shall be conducted in a manner that will 

(1) limit risks to the health and safety of the public and employees, and (2) ade- 
quately protect property and the environment. As outlined in the CGMP Health and 
Safety Plan, DOE has .responsibility for health, safety, and environmental protection 
programs at  DOE-owned contractor-operated facilities. Consistent with this responsi- 
bility, this Health and Safety Plan includes the current health and safety policy and 

standards in effect a t  Rocky Flats Plant. It also includes provisions to implement ex- 
ternal subcontractor policy and standards when the latter are determined to be more 
restrictive. 

2.1. POLICY 

The main tenet of this IGMP/CSPCP Health and Safety Plan is to keep human 

exposure to toxic materials and radiation at  levels 3s low as reasonably achievable 

(ALARA). The ALARA review will demonstrate that all reasonable efforts have been 

made to minimize worker and public exposures to toxic and/or radioactive materials. 

Specific ALARA procedures will include engineering controls, administrative 

controls, and the use of personal protective equipment. The length of time employees 
spend in areas with elevated levels of radioactive or toxic materials will be mini- 

mized. If conditions produce airborne contaminants, dust suppressant measures will 

be taken. General requirements for  limiting exposures, and protective clothing and 

equipment necessary to protect personnel from contaminants are identified in the 

CGMP Health and Safety Plan and are specifically addressed in this IGMP/CSPCP 

Health and Safety Plan, Section 4.2. 

2.2. STANDARDS AND REGULATIONS 

The environmental, safety, and health protection requirements applicable to 

Rocky Flats Plant operations are set forth in DOE and DOE-Albuquerque Operations 
Office Orders. These orders require compliance with applicable Federal, State of 

Colorado, or local standards. This Rocky Flats Plant IGMP/CSPCP Health and Safety 
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Plan is based ø on these DOE Orders, Federal regulations, and other professional stan- 

dnrds specified in Section 2 o f  the CGMP Health and Safety Plan. 

2.3. PERMITS 

Permits issued by Rocky Flats will be obtained as required f o r  al l  land use ac-  

tivities (e.g., drilling, boring, samples, and entry), following the current health and 

safety policy and standards in e f f e c t  a t  Rocky  Flats  Plant. 
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3. HEALTH AND SAFETY RESPONSIBILITIES 

The line organizations conducting CEARP Phase 2b Site Characterizations 
(Remedial Investigations) are responsible for providing adequate precautions and pro- 

tection to ensure the health and safety of employees and the public. The simplified 

organizational chart for health and safety at  Rocky Flats Plant is presented in Figure 
3.1. 

3.1. GENERAL RESPONSIBILITIES 

For site characterization (remedial investigation) activities conducted at  Rocky 
Flats Plant, the Rockwell International CEARP Manager establishes requirements 
following guidelines specified in this IGMP/CSPCP Health and Safety Plan that are 
consistent with current health and safety requirements. The Subcontractor Site Man- 

ager is responsible for ensuring the health and safety of field team personnel during 

CEARP Phase 2b site characterization (remedial investigation) activities. The 

Subcontractor Site Health and Safety Coordinator provides guidance to the Subcon- 
tractor Site Manager regarding potential health hazards during characterization activ- 

ities. The Subcontractor Site Health and Safety Coordinator has the authority to ter- 

minate field activities 

3.2. INSTALLATION 

Primary health 

a t  specific sites if unsafe conditions develop. 

REQUIREMENTS 

and safety responsibility a t  Rocky Flats Plant rests with Rock- 

well International Health, Safety and Environment Department Director. Representa- 

tives of the Rockwell International Health, Safety, and Environment Department, un- 

der direction of  the Rockwell International CEARP Manager, will review and concur 
with the SSMP Health and Safety Plans prior to commencement of site characteriza- 

tions (remedial investigations). The Rockwell International Health, Safety, and Envi- 

ronment Department will also provide guidance to the Subcontractor Project Manager 

for  establishing health and safety requirements. 
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3.3. SPECIFIC RESPONSIBILITIES 

Specific responsibilities assigned to the functional health and safety organiza- 
t ion  f o r  the Rocky Flats Plant CEARP Phase 2b site characterizations (remedial in- 
vestigations) are provided in the following sections. 

3.3.1. Los Alamos National- Laboratory 

Because the site characterizations (remedial investigations) will be conducted 
b y  Rockwell International, Los Alamos National Laboratory does not have responsibil- 
i t y  €or implementing Health and Safety Plans. 

3.3.2, RockwelI International CEARP Manaver 

The Rockwell International CEARP Manger shall 

- ensure that the Rocky Flats Plant SSMP Health and Safety Plans are 
prepared, reviewed, and concurred with by the appropriate individu- 
als within DOE-Albuquerque Operations O f f  ice and Rocky Flats 
Plant; 

- concur in the selection o f  the Subcontractor Site Manager and Sub- 
contractor Site Health and Safety Coordinator; 

- ensure that personnel involved with CEARP Phase fb site character- 
izations (remedial investigations) comply with the IGMP/CSPCP 
Health and Safety Plans; 

- require periodic health and safety audits (at least once during each 
stage o f  sampling), review Health and Safety Audit Reports, and re- 
quire responses to Health and Safety Audit Report findings and rec- 
ommendations; 

- act  on employee concerns in accordance with the procedures outlined 
in DOE Orders and take appropriate action to correct violations; 

- review and evaluate requests for  variance from the Health and 
Safety plans; and 

- ensure that the proper .reports required by DOE and DOE-Albu- 
querque Operations Off ice  orders are submitted, including accident 
investigation reports, as necessary. 
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3.3.3. Subcontractor Proiect Manager 

The Subcontractor Project Manager shall 

- assign a Subcontractor Site Manager (Section 3.3.4) who will be re- 
sponsible for  ensuring the health and safety o f  field team personnel 
during C E A R P  Phase 2 b  Site Characterization (Remedial Investiga- 
tion) activities; 

- assign a Subcontractor Site Health and Safety Coordinator (Section 
3.3.5) to ensure implementation o f  the Rocky  Flats  Plant 
IGMP/CSPCP Health and Safety Plan and each SSMP Health and 
Safety Plan; and 

- read, concur, and comply with the Rocky  Flats  Plant IGMP/CSPCP 
Health and Safety Plan. 

3.3.4. Subcontractor S i te  Manager 

The Subcontractor Site Manager shall 

- submit requests f o r  variance from the requirements o f  this plan to 
the Subcontractor Project Manager and Rockwell International 
C E A R P  Manager, when appropriate; 

- assure that requirements specified in DOE and DOE-Albuquerque 
Operations O f f i c e  Orders 5484.1 are recorded and reported f o r  al l  
employees; 

- ensure that personnel involved with C E A R P  Phase 2b site character- 
izations (remedial investi.gati0n.s) comply with the IGMP/CSPCP 
Health and Safety Plans; 

- monitor the performance of employees involved in site characteriza- 
tion (remedial investigation) activities to ensure compliance with 
health and safety requirements; 

- be familiar  with emergency response procedures and notification re- 
quirements, and implement them accordingly; and 

- terminate work activities i f  unsafe conditions develop or when di- 
rected to do so by the Subcontractor Site Health and Safety Coordi- 
nator. 

3.3.5. Subcontractor S i te  Health and Safe tv  Coordinator 

A Subcontractor Site Health and Safety Coordinator will be designated by the 

Subcontractor Project Manager f o r  each stage o f  the Phase 2 b  site characterization 
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(remedial investigation) activities. The  Rockwell International C E A R P  Manager shall 

concur in the selection o f  the Subcontractor Site Health and Safety Coordinator. The 

Subcontractor Site Health and Safety Coordinator is responsible f o r  conducting a re- 

view of the proposed activities prior to commencement o f  operations, evaluating po- 

tential hazards, and recording the appropriate information on a Work Location, Per- 

sonnel Protection, and Safety Evaluation Form (Appendix A). Activities that require 

special monitoring o r  certain personal protective equipment will be specified in the 

SSMP Health and Safety Plans. In  addition to the duties outlined in Section 3.4 of 

the CGMP Health and Safety Plan, specific responsibilities o f  the Subcontractor Site 

Health and Safety Coordinator include the following: 

- being present or having an  acceptable aIternate present when subcon- 
tractor work activities are being performed in areas requiring decon- 
tamination o f  personnel or equipment; 

- advising the Rockwell International C E A R P  Manager, and the Sub- 
contractor Site Manager o f  potential health and safety hazards 
during site characterization (remedial investigation) activities; 

- conduct special monitoring, if necessary; 

- evaluate potential modifications to work plans and personal protec- 
tive equipment requirements to ensure employee safety; 

- ensure that site characterization (remedial investigation) team mem- 
bers have been trained in the appropriate safety procedures for the 
activities they will conduct, have current medical cert i f ication that 
they are physically f i t  to perform required tasks; and have partici- 
pated in all required dosimetry or bioassay training programs; 

- contact the appropriate local emergency organizations (police, f i re ,  
ambulance, and hospital) to coordinate emergency response activities; 

- require that the Subcontractor Field Team Leader terminate work ac- 
tivities if  unsafe conditions develop, or a n  imminent hazard is per- 
ceived; 

- prepare variances f rom the health and safety requirements i f  needed; 
and 

- carry out health and safety audits and prepare health and safety au- 
dit reports as required by this IGMP/CSPCP Health and Safety Plan. 
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3.4. AUDITS 

Health and safety audits will be conducted by the Subcontractor to ensure ad-  

equate implementation of the requirements of this IGMP/CSPCP Health and Safety 

Plan. Audits will be conducted by the Subcontractor Site Health and Safety Coordi- 

nator and documented in Health and Safety Audit Reports to be issued by the Sub- 

contractor Project Manager. The Los  Alamos National Laboratory CEARP Team 

Leader and the Rockwell International CEARP Manager will receive copies of these 

reports. Individuals responsible for health and safety deficiencies noted in the audit 

findings will provide written responses describing corrective actions that have been 

implemented to resolve the findings. 

The Rockwell International Health, Safety, and Environment Department may 

also conduct health and safety audits, separately or concurrently, with subcontractor 

audits. 

3.5. VARIANCES FROM HEALTH AND SAFETY REQUIREMENTS 

Where special conditions exist, a written request for a variance from a specific 

health and safety requirement may be submitted by the Subcontractor Site Health and 

Safety Coordinator to the Subcontractor Project Manager. If the Subcontractor Pro- 

ject Manager agrees with the request, the request will be reviewed by the Rockwell 

International CEARP Manager and representatives of the Rockwell International 

Health, Safety, and Environment Department. The  conditions of the request will be 

evaluated and, if appropriate, a variance specifying the conditions under which the 

requirement may be modified will be granted in writing. A copy of the variance will 

be retained in the field during work activities in which i t  is invoked. 
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DOE ROCKY FLATS 
AREA OFFICE 

ROCK WELL INTERNATIONAL 
HEALTH, SAFETY, AND ENVIRONMENT 

DEPARTMENT 

SUBCONTRACTOR SUBCONTRACTOR SITE 
HEALTHANDSAFETY 

Figure 3.1. Simplified Health and Safety Organizational Chart f o r  Rocky Flats Plant. 
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4. HAZARD ASSESSMENT AND PERSONNEL PROTECTION REQUIREMENTS 

The following section provides a description of anticipated potential hazards 

anticipated a t  Rocky Flats Plant. The hazards description includes physical, chemi- 
cal, radiological and biological hazards, followed by general requirements for limiting 
exposures, monitoring contaminant concentrations, and measuring employee exposure. 

4.1. IDENTIFICATION OF POTENTIAL HAZARDS 

4.1.1. Physical Hazards 

The following physical hazards are anticipated at  Rocky Flats Plant. 

Heat Stress 

The body’s physiological processes fail  to maintain a normal body tem- 
perature because of excessive heat. A number of physical reactions can 
occur, ranging from mild to fatal. 

Heat-Related Problems 

- Heat Rash, caused by continuous exposure to heat and humid air  ag- 
gravated by chafing clothes. Decreases ability to tolerate heat and 
becomes a nuisance. 

- Heat Cramps, caused by profuse perspiration with inadequate fluid 
intake and chemical replacements (especially salts). Signs: muscle 
spasm and pain in  the extremities and abdomen. 

- Heat exhaustion, caused by increased stress on various organs to meet 
increased demands to cool the body. Signs: shallow breathing; pale, 
cool, moist skin; prof use sweating; dizziness and lassitude. 

- Heat stroke, the most severe form of heat stress. Body must be 
cooled immediately to prevent severe injury and/or death. Signs: 
red, hot, dry skin; no perspiration; nausea; dizziness and confusion; 
strong rapid pulse; coma. 

Work /Rest S c h e d u 1 e 

When working in level B or C protective clothing, the following guideline for 

calculating the work/rest schedule shall be used. 
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Calculate the adjusted temperature, 

T(adjusted) = T(actua1) + (13 x sunshine fraction) 

100% sunshine = no cloud cover = 1.0 
50% sunshine = 50% cloud cover = 0.5 
0% sunshine = full  cloud cover = 0.0 

Adjusted Temperature Active Work Time (min./hr) 

75 or less 
80 
85 
90 
95 
100 

50 
40 
30 
20 
10 
0 

Cold Exposure 

Persons working outdoors in temperatures a t  or  below freezing can become 

frostbitten. Exposure to extreme cold f o r  short time periods can cause severe injury 

to the body surface or can result in profound generalized cooling, causing death. 

Body areas which have high surface-area-to-volume ratios (e.g., f ingers,  toes, and ears) 

are the most susceptible. 

Cold Exoosure-Related Problems 

- Frost  nip or incipient frostbite,  characterized by sudden blanching or 
whitening o f  skin. 

- ~ u p ~ ~ ~ ~ c ~ a ~  frost bite, which causes skin to become waxy or white 
and superficially f i rm,  but resilient beneath. 

- Deep frostbite, characterized by cold, pale, solid skin tissues. 

- Systemic hypothermia, caused by exposure to freezing or rapidly 
dropping temperature. Symptoms are  usually exhibited in f i v e  stages: 
1) shivering, 2) apathy, listlessness, sleepiness and (sometimes) rapid 
cooling o f  the body to less than 95'F, 3) unconsciousness, glassy 
stare, slow pulse and slow respiratory rate,  4) freezing of the ex- 
tremities, and f inally,  5) death. 

Caution will be used to prevent cold exposure by wearing properly insulated 

gnrments beneath protective clothing and by taking frequent warm-up breaks. 
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Noise 

When noise exceeds acceptable levels (limits specified in Department of Air 

Force Regulation 161-35 TLV’s) administrative or engineering controls designed to re- 

duce exposures will be utilized. If these controls are not sufficient, approved ear pro- 

tection will be provided and its use mandated. Noise levels will be monitored when i t  

becomes necessary to speak loudly under normal working conditions. 

Standard Precautions for  EauiDment and Structures 

Site characterizations (remedial investigations) a t  Rocky Flats Plant may re- 

quire the use of shovels, drill rigs, portable augers, and backhoes. Prior to any sur- 

face disturbance the required permit will be obtained from Rocky Flats Plant. Heavy 

equipment will be operated according to OSHA recommendations and requirements. 

- Only qualified and licensed personnel shall be allowed to operate 
this equipment. 

- Heavy equipment shall be operated and maintained in conformance 
with established standards and inspected prior to use, as directed by 
Federal, State or OSHA regulations. 

- Overhead electrical power lines shall be considered energized unless 
Rocky Flats Plant Utilities Manager has verified de-energization. 

- While in use, drilling rigs shall maintain the following minimum dis- 
tances f rom overhead power lines: 10 f t  for  50 kv, 20 f t  for  345 kv, 
and 34 f t  for  750 kv. 

In  transit, with the boom or derrick lowered, the closest approach to 
a powerline shall be 4 f t  for  50 kv, 10 f t  fo r  50-345 kv, and 16 f t  for  
345-750 kv. 

Flammable and/or  Combustible Materials 

Several sites requiring characterization could contain flammable or com- 

bustible materials. The SSMP Health and Safety Plans will contain derailed informa- 

tion on the likelihood of encountering combustible materials and specific health and 

safety requirements for  these areas. 
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4.1.2. Known -Chemical Hazards 

Known chemical hazards at  Rocky Flats Plant include possible inhalation, in- 

gcstion, or dermal absorption o f  organic compounds, solvents, or other toxic materials. 
Specific properties of known chemical contaminants are provided in Appendix A. I f  

i t  is determined that additional chemicals are present at  Rocky Flats Plant,  Appendix 
A will be amended. Levels or concentrations of  these hazardous materials can be es- 

timated from groundwater sampling results. 

4.1.3. Known Radioloeical Hazards 

Radionuclides are  expected to be present at Rocky Flats  Plant. T h e  specific 

properties of the known radionuclides, including type o f  emission, half-life, maximum 
allowable concentrations, and body burdens are provided in Appendix A. The spe- 

c i f i c  properties o f  the known radionuclides including type of  emission, half- l i fe ,  max- 
imum allowable concentrations, and body burdens are provided in Appendix A. 

There are  three principal. pathways by which individuals could be exposed to 

radioactivity during site characterizations (remedial investigations). These are (1) in- 

halation or ingestion, (2) dermal absorption, and (3) exposure to direct radiation from 

contaminated materials (see 4.2. for personnel protection requirements). 

4.1.4. 

Certain bioIogica1 hazards are anticipated a t  Rocky Flats Plant: 

- insects, including ticks and mosquitoes; 
- snakes o f  poisonous and nonpoisonous species; and 
- rodents, including mice and rats. 

I f  a worker is bitten by a rodent or snake, the Subcontractor Site Health and 
Safety Coordinator will be immediately notified. T h e  Rocky  Flats Plant installation 
medical center shall be contacted and appropriate medical care given. 
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4.2. PERSONNEL PROTECTION REQUIREMENTS 

4.2.1. Protection Levels and Protective Clothing 

As stated in the CGMP Health and Safety Plan, the U.S. Environmental Protec- 
tion Agency (EPA) has established four levels o f  protection for  personnel entering po- 

tentially hazardous sites. The  work a t  Rocky Flats Plant is anticipated to be con- 
ducted in levels B, C, and D protection based upon known hazards. T h e  SSMP Health 
and Safety Plan will define zones of contamination and identify which levels o f  pro- 

tection will be required f o r  each zone. All personnel entering a zone will be required 
to wear the attire designated f o r  that zone. 

4.2.2. Protective Eauioment 

As stated in the CGMP Health and Safety Plan, a variety o f  safety equipment 
will be used to protect personnel from safety hazards and minimize exposures to haz- 

ardous chemicals and radionuclides during Rocky  Flats Plant site characterizations 

(remedial investigations). Portable monitors and meters will be used to determine ex- 

posures and measure a i r  concentrations of  radiological and chemical contaminants. 

The  safety equipment used will include photoionization and organic vapor analyzers, 

a i r  samplers, radiation survey meters, explosive gas concentration meters, detector 

tubes, and thermoluminescent dosimeters. This  safety equipment is fully described in 

the CGMP Health and Safety Plan. T h e  SSMP Health and Safety Plans will outline 
specific equipment to be used, and action levels to be taken f o r  each type o f  mea- 
surement. 

Cooling vests and warming equipment will be available to minimize stress from 

climatic conditions. As outlined in the CGMP Health and Safety Plan, emergency 

equipment including f i re  extinguishers, f irst  aid kits, blankets, and eye wash kits will 

be available f o r  emergency treatment. 

4.2.3. General S a f e t v  Practices and Mitigation Measures 

As stated in the CGMP Health and Safety Plan, some hazards can be mini- 

mized through the implementation of specific procedures, use o f  special equipment, 

training o f  personnel, or availability o f  emergency response equipment in the event o f  
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an accident. - T h e  general requirements listed in the CGMP Health and Safety Plan 

will  be observed during all Rocky Flats Plant site characterizations (remedial investi- 
gations). 

Work that may involve resuspension o f  contaminants into the a i r  will be sus- 
pended when the wind speed exceeds 15 miles per hour. 

Morning meetings f o r  all personnel involved in sampling will be held daily. 

These meetings will be used to express health and safety concerns related to the day’s 
activities. Standard safe working practices, described in Section 4 of  the CGMP 
Health and Safety Plan, will be followed. Appendix A provides a list of potential 
chemical and hazards radiological and their respective method o f  detection and 
Threshold Limit  Value (TEV). A detailed description o f  hazards and hazardous mate- 
rials which could be encountered a t  each site will be provided in each SSMP Health 
and Safety Plan. T h e  SSMP Health and Safety Plans will also provide site-specific 

ssfety practices and mitigative measures. 

4.3. SITE ACCESS CONTROL 

4.3.1. Restricted Access Zones 

As stated in the GGMP Health and Safety Plan, control zones will be estab- 
lished prior to commencement o f  work a t  contaminated sites to protect employees and 

the general public from unnecessary exposure to toxic  materials and/or radiation, and 

to prevent inadvertent spread o f  contamination. T h e  control (exclusion) zones will be 
designated in each SSMP Health and Safety Plan based on the nature, magnitude, and 

extent of  contamination, and the potential for  contaminant migration. Decontamina- 
tion is required f o r  personnel, equipment, and vehicles moving from an  exclusion 

zone to a clean zone. 

T h e  decontamination o f  equipment and personnel will be conducted in steps 
starting a t  exclusion zones, proceeding through contamination reduction zones, and 

ending a t  clean zones. T h e  size and number of contamination reduction zones will be 

determined on a site-specific basis and will be provided in each SSh4P Health and 

Safe ty  Plan. Exclusion criteria,  protection requirements, contact person, and other 

relevant information will be posted a t  the access station of each exclusion zone. 
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4.3.2. Decontamination 

At Rocky Flats Plant, decontamination will follow the general procedures de- 

scribed in Section 4 of the CGMP Health and Safety Plan. Each SSMP Health and 

Safety Plan will clearly define decontamination procedures for specific contaminants 

of concern. 

Decontamination solutions used will be selected according to contaminants en- 

countered on a site-specific basis. Radionuclides anticipated a t  Rocky Flats Plant can 

be removed from personnel and equipment using dilute soap and water solutions. Or- 

ganic compounds and solvents will require use of slightly stronger detergents for  ef- 

fective removal. Following decontamination, verification measurements will be made 

to ensure that contaminants have been removed to safe levels. For articles or person- 

nel contaminated by low energy beta emitters, swipe-samples will be collected and an- 

alyzed using liquid scintillation detectors. For alpha and high energy beta emitters, a 

survey meter will be used to evaluate decontamination. Following this "frisking," 

swipes will be collected and analyzed using a gross alpha/beta counting meter. 

4.4. WORKER TRAINING 

As described in the CGMP Health and Safety Plan, health and safety training 

will be conducted and documented for all members of site characterization (remedial 

investigation) field teams. The level of training for each team will be commensurate 

with job functions and potential hazards in  work areas and comply with the RCRA 

part B Operating Permit Application, Section H. This will be in addition to comple- 

tion of any surcontractor basic health and safety training, or the equivalent, that 

must be approved prior to site assignment. At least two field members of  each field 

team will be required to have current certification in American Red Cross Multi-Me- 

dia First Aid and Cardio Pulmonary Resuscitation (or the equivalent). In addition, 

training for  all field team members will meet right-to-know requirements and will 

follow the outline in Appendix A, which includes 

radiological safety, 
hazard identification and recognition, 
potential health effects and symptoms of exposure, 
protective equipment requirements and proper use, 
decontamination procedures, 
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- controlled area restrictions, and 
- emergency response requirements. 

-1.5. EhIPLOYEE MEDICAL PROGRAM 

As stated in the CGMP Health and Safety Plan, site characterization (remedial 

investigation), subcontractor field team members shall participate in an employee 

medical examination program. Their  suitability for  conducting field sampling ac- 
tivities (including possible respirator use) will be evaluated and documented by a 

physician. Medical programs must comply with requirements o f  DOE Order 5480.1A 

Chapter VIII. 

4.6. RECORDS AND R E P O R T I N G  REQUIREMENTS 

Subcontractors will maintain health and safety records and submit reports, as 

required by D O E  Orders, to the Subcontractor C E A R P  Project Manager. These will 

include the following: 

- D O E  Form 5484.3 Supplementary Record o f  Occupational Injuries 
and Illnesses 

- D O E  Form 5484.4 Tabulation o f  Property Damage Experience 

- D O E  Form 5485.5 Report of Property Damage or Loss 

- D O E  Form 5484.6 Annual Summary o f  Whole Body Exposures to Ion- 

- D O E  Form 5484.7 Summary o f  Exposures Resulting in Internal Body 
Depositions o f  Radioactive Materials for  CY 

- DOE Form 5484.8 Termination Occupational Exposure Report 

- D O E  Form OSHA-200 Log o f  Occupational Injuries and Illness 

- D O E  Form EV-102A Summary o f  Department o f  Energy and De- 
partment o f  Energy Contractor Occupational Injuries and Illnesses 

- D O E  Form 5821.1 Unplanned Releases Form. 

T h e  Subcontractor Project Manager will distribute copies o f  the reports to Los 
Alamos National Laboratory, the DOE-Albuquerque Operations Of f i ce ,  and the 
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Rockwell -International Health and Safety Department, as appropriate. Specific re- 

porting responsibilities are given in the following subsection. 

4.6.1. ExDosure and Medical Records 

Subcontractors will maintain confidential medical records for each field team 
member as indicated by the employee medical program. These records will identify 

individuals by name, date of birth, social security number, and additional identifiers 

as desired by the subcontractor. The employee's accident record and history of expo- 
sures and/or possible exposures to hazardous physical, chemical, or biological agents 
will be included with the medical records. 

The Subcontractor Site Health and Safety Coordinator will prepare, and submit 
to the Subcontractor Project Manager and the Rockwell International CEARP Man- 
ager, radiation exposure reports as required in DOE Order 5484.1. Form 5484.8, 

"Termination Occupational Exposure Report," will be completed for any employee in- 
cluded in a radiation monitoring program upon termination of employment. Forms 

5484.7, "Summary of Exposures Resulting in  Internal Body Depositions of Radioactive 
Materials for  CY 19XX," and 5484.6, "Annual Summary of Whole Body Exposures to 

Ionizing Radiation," will be submitted annually by March 31 for  monitored employ- 

ees. These reporting requirements are currently under revision by DOE, and the Sub- 

contractor Site Health and Safety Coordinator shall comply with the new require- 

ments when they become final. 

4.6.2. Accident/Incident ReDorts 

The Subcontractor Site Health and Safety Coordinator will notify the Subcon- 

tractor Project Manager and  the Rockwell International CEARP Manager of any acci- 

dents or incidents that  occur during site characterizations (remedial investigations) a t  

Rocky Flats Plant. The Subcontractor Site Health and Safety Coordinator will also 

submit a completed DOE Form F 5484.X for  any of the following incidents. 

(1) "Recordable" occupational injuries or illnesses are defined below: 

OCCUPATIONAL INJURY is any injury such as a cut, fracture, 
sprain, or amputation that results from a work accident or from an 
exposure involving a single incident in the work environment. 
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NOTE: Conditions resulting from animal or insect bites, or one-time 
exposure to chemicals, a:- considered to be injuries. 

OCCUPATIONAL ILLNESS of  an employee is any abnormal condi- 
tion or disorder, other than one resulting from an occupational in- 
jury,  caused by exposure to environmental factors associated with 
employment. It includes acute and chronic illnesses or diseases which 
may be caused by inhalation, absorption, ingestion, or direct contact 
with a toxic material. 

P R O P E R T Y  DAMAGE LOSSES o f  $1,000 or more are reported as 
follows: accidents which cause damage to DOE property, regardless 
o f  fault ,  or accidents wherein DOE may be liable f o r  damage to  a 
second party, are reportable i f  damage is $1,000 or more. Include 
damage to facilities, inventories, equipment, and properly parked mo- 
tor vehicles. Exclude damage resulting from a DOE reportable vehi- 
cle  accident. 

GOVERNMENT MOTOR VEHICLE ACCIDENTS resulting in dam- 
ages of $250 or more, or involving an injury, are reported unless the 
Government vehicle is not a t  fault,  damage o f  less than $250 is sus- 
tained by the Government vehicle, and no injury is inflicted on the 
Government vehicle occupants. Accidents are also reportable to D O E  
if 

- damage to a Government vehicle, not properly parked, is greater 
than or equal to $250; 

- damage to DOE property is greater than or equal to $250 and the 
driver of a Government vehicle is a t  fault ;  

- damage to any private property or vehicle is greater than or equal 
to $250 and the driver of a  over^^^^^ vehicle is at fault;  and 

- any person is injured and the driver of a Government vehicle is a t  
fault. 

4.7. EMPLOYEE INFORMATION 

T h e  Subcontractor Site Health and Safety Coordinator shall ensure that the 

following DOE forms are posted where field team members can easily read them: 

- Form F 5480.2 Occupational Safety and Health Protection, 

- Form F 5480.4 Occupational Safety and Health Complaint Form. 

Also, the Rocky  Flats Plant Health and Safety Standard concerning employee 

right-to-know shall be provided in each SSMP and appropriately posted. 
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5. EMERGENCY RESPONSE AND NOTIFICATION 

This section provides guidelines for responses to emergency situations. 

5.1. EhlERGENCY CONTACTS 

Names of persons to contact in case of emergencies will be provided in the 

format found in Figure 5.1. This emergency contact form will be copied and posted 

in prominent locations a t  the work sites. Additional contacts are given in the Safety 

Evaluation Form (Appendix A). 

5.2. CONTINGENCY PLANS 

Field team leaders, with assistance from the Subcontractor Site Health and 

Safety Coordinator, shall have responsibility and authority for coordinating all emer- 

gency response activities until proper authorities arrive and assume control. A copy 

o f  these plans shall be available at the work site a t  all times, and all personnel work- 

ing on the site shall be familiar with the plans. Evacuation plans and routes shall be 

on a job-specific basis, and  all personnel shall be familiar with them. 

5.2.1. Fire/ExD#osion 

Any f i re  emergency will be handled by immediately notifying the f i re  degart- 

ment. Only if the f i re  appears to be small and easily extinguishable will personnel 

attempt control with f i re  extinguishers available in the work area. Otherwise, imme- 

diate evacuation of the area is indicated. 

If combustible gas/oxygen meters show explosive gas or oxygen concentrations 

approaching 25% of the lower explosive limits, all personnel will be evacuated and 

the f i re  department will be notified. In the event of an explosion, all personnel shall 

be evacuated and no one shall re-enter the area until it has been cleared by explosives 

safety personnel. 
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5.2.2. Personnel I n  iuries 

In case of injuries to personnel, first aid treatment will be initiated immedi- 
ately by trained personnel. In case of serious injuries, the victim will be transported 
to the Rocky Flats Plant medical center as soon as possible. Minor injuries may be 

treated onsite, but all injuries will be examined by trained medical personnel. Vic- 

tims of serious bites or stings will be taken to the Rocky Flats Plant medical center. 
In the event that an  injured person is contaminated with chemicals or radionuclides, 
the person shall be taken as soon as possible to the Rocky Flats Plant medical center. 
Decontamination shall be performed to prevent further exposure only if i t  will not 
aggravate the injury. Treatment of life threatening or serious injuries will always be 

considered first. 

5.2.3. Accidental Releases of Radionuclides to the Environment 

In case of releases of radionuclides to the environment (such as a spill of sam- 

ples being transported for  analysis), emergency response shall be in accordance with 

Rocky Flats Plant procedures. The Subcontractor Site Manager or Field Team Leader 

shall notify the Rockwell International CEARP Manager of such a n  event. 

5-3, NOTIFICATION REQUIREMENTS 

Reporting and notification of emergency situations shall be carried out in ac- 

cordance with requirements in DOE Order 54 4.1. The Field Team Leader shall no- 
tify the Subcontractor Site Manager. The Subcontractor Site Manager will notify ap- 

propriate emergency assistance personnel (e.g., fire, police, ambulance a t  ext. 291 I), 

and the Rockwell International CEARP Manager. The responsibility of the Subcon- 

tractor Site Health and Safety Coordinator for  Rocky Flats Plant is to implement no- 
tification and reporting requirements of DOE Order 5484.1. 
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Site Health and Safety Coordinator-- 

Name : 

Installation Health and Safety Officer-- 

C a l l :  

Name : Call: 

24-Hour Installation Health/Safety Coordinator-- 

Call: 

FIRE-- Call: 

AMBULANCE-- C a l l :  

POISON CENTER-- 

SECURITY-- Call: 

POL1 CE-- C a l l :  

YOU ARE LOCATED AT: 

THE NEAREST TELEPHONE IS LOCATED AT: 

THE NEAREST EMERGENCY MEDICAL SERVICES ARE LOCATED AT: 

Figure 5.1. Emergency Contacts 
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6. ENVIRONMENTAL lLlONlTORING 

Environmental impacts from CEARP site characterizations (remedial investiga- 

tions) are expected to be negligible. Additional sampling to supplement Rocky Flats 

Plant routine monitoring activities is not considered necessary. Monitoring of  air 

quality for personnel protection will provide data to re-evaluate the need for  envi- 

ronmental monitoring. Additional guidance and  detail regarding monitoring during 

site characterizations (remedial investigations) will be provided in SSMP Sampling 

Plans. 
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WORK LOCATION PERSONNEL PROTECTION 
AND SAFETY EVALUATION FORM 

Attach Pertinent Documents/Data 

Fill in Blanks 

wo # 

Division 

O f f  ice 

Prepared by 

Reviewed by 

Date 

Approved by 

Date 

Date 

A. Work Location DescriDtion 

1. Name 2. Location 

3. Type: HW Site ( ) Industrial 0 
Spill ( ) Construction ( ) 

( ) Existing work Location 

Other ( ) Describe 

4. Status 

5. Anticipated activities: 

6. Size 

7. Surrounding Population 

8. Buildings/Homes/Industry 

9. Topography 
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10. Anticipated Weather 

11. Unusual Features 

12. Site History 

B. Hazard DescriDtion 

1. Background Review: Complete ( ) Partial ( ) 

If partial, why? 

2. Hazard Levels:* A (  1 B (  

Unknown ( ) C (  1 D (  1 
Justification 

3. Types of Hazards: (Attach additional sheets as 
necessary) 

A. Chemical ( ) Inhalation ( ) Explosive ( ) 

Biological ( ) Ingestion ( ) O2 Def. ( ) 

Skin Contact ( ) toxic 0 
Describe 

B. Physical ( ) Cold Stress ( ) Noise ( ) 

Heat Stress ( ) Other ( ) 

Describe 
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C. Radiation ( ) 

Describe 

4. Nature of Hazards: 

Air ( ) Describe 

Soil ( ) Describe 

Surface Water ( ) Describe 

Ground Water ( ) Desribe 

Other ( ) Describe 

5. Chemical Hazards of Concern 

6. Radiological Hazards of Concern 
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7. Work Location Instrument Readings ( ) N/A 

Location 

% o2 

Radioactivity 

FID 

Other 

Location 

% o2 
Radioactivity 

FIB 

Other 

Location 

% o2 
Radioactivity 

FID 

Other 

Location 

% o2 

Radioactivity 

FID 

Other 

8 .  

% LEL 

PID 

Other 

Other 

% LEL 

PID 

Other 

Other 

% LEL 

PID 

Other 

Other 

% EEL 

PID 

Other 

Other 

Hazards expected in preparation for work assignment. 
( 1 N/A 

Describe : 

To be Completed For Site-Specific Health and Safety Plans 
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C. Per-sonnel Protective Eauipment 

1. Level of Protection To Be Completed For Site- 
Specific Health and Safety 
Plans 

A ( ) B ( ) c ( ) D ( ) Location/Activity: 

~ 

A ( ) B ( ) C ( ) D ( ) Location/Activity: 

2. Protective Equipment (specify probable quantity 
required) 

Respiratory ( ) N/A Clothinq ( ) N/A 

( ) SCBA, Airline ( ) Fully Encapsulating 
Suit 

( ) Full Face Respirator ( ) Chemically Resistant 
(Cart. 1 Splash Suit 

( ) Escape Mask 

( ) Apron, Specify 

( ) Tpek Coverall 

( ) Saranex Coverall 

( ) None ( ) Coverall, Specify 

( 9 Other ( ) Other 

( ) Other ( ) Other 

Head & Eve ( ) N/A Hand Protection ( ) N/A 

( ) Hard Hat 

( ) Face Shield 

( ) Undergloves 
Type 

( ) Gloves 
Type 

( ) Overgloves 
Type 

( ) Chemical Eyeglasses ( ) None 
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( - )  None 

( ) Other ( ) Other 

Foot Protection ( ) N/A 

( ) Safety Boots 

( ) Disposable Overboots 

( ) Other To Be Completed For Site- 
Specific Health and Safety 
Plans 

3 .  Monitoring Equipment ( ) N/A 

( 1 CGI ( 1 PID 

( ) O2 Meter ( 1 FID 
( ) Rad Survey ( ) Other 

( ) Detector Tubes 

Type : ( ) Other 

D. Personnel Decontamination (Attach Diasram) 

Required ( 1 Not Required ( 1 

Eminment Decontamination (Attach Diagram) 

Required ( ) Not Required ( ) 

If required, describe and list equipment 
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E. Personnel 

Work Location 
Name Title/Task 

1. 

2 .  

3. 

4. 

5. To Be Completed For 

6. Site-Specific Health and 

7. Safety Plans 

8. 

9. 

10. 

Certif i- 
Medical Fit Test cation 
Current Current Level 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Site Safety Coordinator 

F. Activities Covered Under This Plan 

Task No. Description Preliminary Schedule 
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H. Continaencv Contacts 

Aaency Contact 

Fire Department 

Fire Department 

Police Department 

Health Department 

Poison Control Center 

State Environmental 
Agency 

EPA-Regional Office 

EPA-ERT. ICOM 

Phone Number 

Spill Contractor 

State Police 

-F . A. A. 

Civil Defense 

Onsite Coordinator 

Site Telephone 

Nearest Telephone 
Location 

Other 

I. Continsencv Plans 

Spills, Accidental Release: Describe 

Fire Explosion; Describe 

Other; Describe 
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Exit Routes, Communication Systems; Describe 

MEDICAL EMERGENCY 

Name of Hospital 

Address : Phone No. 

Name of Contact 

Addresses: Phone No. 

Route to Hospital: (Attach Map) 

Travel Time Distance to 
From Site (Minutes) Hospital (Miles) 

Name/Number of 24-Hr. Ambulance Service 
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HEALTH AND SAFETY PLAN 
APPROVAL/SIGN OFF FOFU4AT 

I have read, understood, and agreed with the information set 
forth in the Health and Safety Plan (and attachments) and 
discussed in the Personnel Health and Safety briefing. 

Name 

Name 

Signature 

Signature 

Name Signature 

Name Signature 

Name 

Site Safety 
Co-ordinator 

Director, Corporate 
Health and Safety 

Pro] ect Manager 

Pro] ect Director/ 
Department Manager 

Signature 

Signature 

Signature 

Signature 

Signature 

Date 

Date 

Date 

Date 

Date 

Date 

Date 

Date 

Date 

Personnel Health and Safety Briefing Conducted 

Name Signature 

By: 

Date 
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Training Outline 

I. Training Purpose and Objectives 

11. Identification and Recognition of Health and Safety 
Hazards at the Rocky Flats Plant Facility 

A. 

B. 

C. 

D. 

Physical Hazards 
o noise 
o heat 
o cold 
o structures 

Chemical Hazards 
o volatile organics 
o asbestos 
o beryllium 

Radiological Hazards 
o plutonium 
o americium 
o tritium 
o uranium 

Summary of Principal Hazards and Health Effects 
o chemical exposures 
o external exposures to radionuclides 
o internal exposures to radionuclides 
o potential health effects f o r  women and fetuses 

111. Radiological Safety and Monitoring Requirements 

A. Controlled Area Restrictions 
o eating/drinking 
o smoking 
o chewing 
o access control points 

B. Protective Equipment Requirements 
o clothing: hard hats, boots, gloves, coveralls 
o respiratory protection 

C. Procedures for Using Protective Equipment 
o respiratory fit-test and use 
o impermeable clothing 
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D. -Personnel Contamination Monitoring and 
Decontamination 

IV. Emergency Response Requirements 

A. Locations and Methods of Accessing Emergency 
Assistancae 

B. Emergency Notification Procedures 

V. Hazard Communication Information (Right-to-Know) 

A. List of Hazardous Materials 
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QUALITY ASSURANCE/QUALITY CONTROL PLAN 

1. INTRODUCTION 

CEARP Phase 2 consists of CEARP Phase 2a, Monitoring Plan, and CEARP 
Phase 2b, Site Characterization (Remedial Investigation). This Quality Assurance/ 
Quality Control (QA/QC) Plan is one component of the Monitoring Plan for Rocky 

Flats Plant. The Monitoring Plan typically consists of f ive parts: Synopsis, Sampling 
Plan, Technical Data Management Plan, Health and Safety Plan, and Quality Assur- 

ance/Quality Control Plan. Because of the Compliance Agreement made by the State 
of  Colorado, Environmental Protection Agency, and the DOE, this Monitoring Plan 
also includes a Feasibility Study Plan. The Synopsis provides a discussion of the 

current situation and serves as an introduction to the other plans. 

CEARP uses a three-tiered approach in preparing the monitoring plans: the  

CEARP Generic Monitoring Plan (CGMP) (DOE, 1986b), the Installation Generic 

Monitoring Plan (IGMP), and the Site-Specific Monitoring Plans (SSMPs). The CGMP 
Quality Assurance/Quality Control (QA/QC) Plan provides the generic guidelines and 

procedures that will be employed during CEARP Phase 2 site characterization 

(remedial investigation) to ensure the reliability of data collected a t  CEARP sites. I t  

is intended to establish a general quality assurance/quality control policy and to pro- 
vide the framework for  more specific quality assurance/quality control requirements 

to be employed a t  each installation and a t  each site. This IGMP Quality .4ssur- 
ance/Quality Control Plan provides installation generic information and procedures, 

whereas the SSMPs will provide site-specific detail regarding locations, types and 

number of samples. 

This IGMP is the Comprehensive Source and Plume Characterization Plan re- 

quired by the Compliance Agreement. Therefore, the acronym used to refer to this 

plan is IGMP/CSPCP. 

According to DOE Po-licy, DOE activities shall maintain programs of quality 
assurance (DOE Order 5700.6B). In the area of environmental protection, quality as- 

surance plans must be integrated with the DOE implementation of CERCLA (DOE 

Order 5480.14). 
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C E A R P  Phase 2b site characterizations (remedial investigations) will be im- 

plemented using procedures to assure that the precision, accuracy, completeness, and 
representativeness o f  data are known and documented. At a minimum, this will in- 

clude adherence to the C E A R P  CGMP, IGMP/CSPCP, and SSMP Quality Assur- 
ance/Quality Control Plans, and may include preparation o f  written Quality Assur- 
ance/Quality Control Plans covering each aspect o f  the project performed. 

This IGMP/CSPCP Quality Assurance/Quality Control Plan presents the orga- 

nization, objectives, functional activities, and specific quality assurance and quality 

control activities associated with the C E A R P  Phase 2b site characterizations (remedial 
investigations) a t  Rocky  Flats  Plant. T h e  Quality Assurance/Quality Control Plan is 

designed to achieve specif ic  data quality goals f o r  C E A R P  Phase 2 b  site characteriaa- 

rions (remedial investigations). Appendix A includes the quality assurance protocols 

for  all laboratory services to be provided under C E A R P  Phase 2b site characteriza- 
tions (remedial investigations). 

A brief  description o f  the C E A R P  Phase 2b site characterization (remedial in- 
vestigation) and background can be found in the Synopsis. For  a more in-depth back- 
ground description, see the C E A R P  Phase 1 report. 
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2. PROJECT ORGANIZATION AND R E S P O N S I B I L I T Y  

Project organization and responsibility are divided among DOE, Los Alamos 
National Laboratory, and Rockwell International as described below. Los Alamos Na- 

tional Laboratory has the primary responsibility to implement C E A R P  under the 

guidance of DOE-Albuquerque Operations O f f  ice. However, operational responsibili- 

ties have been assigned to Rockwell International a t  Rocky  Flats Plant for  the site 
characterizations (remedial investigations). T h e  DOE-Rocky Flats  Plant Area O f f  ice 
is responsible f o r  the function o f  the Rocky Flats Plant. Because of this responsibil- 

i ty,  the DOE-Rocky Flats  Plant Area O f f i c e  will provide additional guidance to its 

contractor,  Rockwell International, in implementation o f  the C E A R P  Phase 2b s i t e  

characterizations (remedial investigations). 

Project organization is shown in Figure 2.1. The  responsibilities of the various 

personnel can be divided into operational, laboratory, and quality assurance responsi- 

bilities, as follows. 

2.1. OPERATIONAL R E S P O N S I B I L I T I E S  

Assistant Secretarv f o r  the Environment. The  D O E  Assistant Secretary for t h e  

Environment appoints Headquarters investigation boards and establishes the scope o f  

Headquarters investigations (DOE Order 5484.1). DOE-wide Environmental Surveys 

and Audits originate from the Assistant Secretary. 

Environmental Survevs and Audits. Headquarters Environmental Survey 

Teams have been directed to conduct one-time environmental surveys and sampling of  

DOE facilities.  These surveys are independent of C E A R P  activities a t  Rocky  Flats 

Plant,  but data from survey team sampling will be utilized in the C E A R P  characteri-  

zation of R o c k y  Flats  Plant. A Headquarters environmental survey team visited t h e  

Rocky  Flats  Plant site in 1986. T h e  results o f  the survey will be used as an internal 

management tool by the Secretary and Undersecretary o f  DOE. 

Audits are a function o f  the O f f i c e  o f  the Assistant Secretary f o r  the Envi-  

ronment. Audit teams provide quality control f o r  the implementation o f  environmen- 

tal monitoring a t  D O E  facilities. Although independent of  C E A R P ,  audit teams com- 

plement C E A R P  activities by providing additional quality assurance. 
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DOE-Albuaueraue Operations O f f  ice Environmental Programs Branch. The  

DOE-Albuquerque Operations O f f i c e ,  Environmental Programs Branch, is responsible 
for overseeing all  environmental programs within DOE-Albuquerque Operations and 

conducting special assessments such as CEARP. 

DOE-Rockv Flats Area Office.  The  D O E  Rocky Flats Area O f f i c e  is responsi- 
ble f o r  the missions o f  the Rocky  Flats  Plant, including environmental protection. 
The D O E  Rocky  Flats  Area Of f i ce  oversees the integration of R o c k y  Flats  Plant re- 
sources with C E A R P  activities a t  Rocky Flats Plant. 

Rockwell International. Rockwell International, as prime contractor to DOE, 
provides support to DOE in accomplishing the mission o f  Rocky  Flats  Plant,  including 

environmental protection. Rockwell International will perform the C E A R P  Phase 2b 

site characterizations (remedial investigations) a t  Rocky Flats  Plant. 

Los  Alamos National Laboratory. Los Alamos National Laboratory manages 
the C E A R P  program, providing direction, oversight and review, and preparing f i n a l  
reports. 

2.2. ANALYTICAL LABORATORY RESPONSIBILITIES 

Analytical laboratory responsibilities include performing analytical services, 

and providing quality assurance. Rockwell International will perform the C E A R P  

Phase 2 b  site characterizations (remedial investigations) a t  Rocky  Flats  Plant. This 

IGMP/CSPCP provides guidance f o r  quality assurance programs to be implemented by 

- f ield laboratory operations 
- analytical laboratories - geotechnical laboratories 
- radiological laboratories. 

2.3. QA  RESPONSIBILITY 

Quality assurance responsibilities are  to monitor and review the procedures 

used to perform all  aspects of site characterizations (remedial investigations), includ- 
ing data collection, analytical services, data analysis, and report preparations. Pri-  

mary responsibility f o r  project quality rests with the Rockwell International C E A R P  

Manager. Ultimate responsibility f o r  project quality rests with DOE. 
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Figure 2.1. Quality Assurance/Quality Control Organization Chart. 
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3. QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA 

The overall quality assurance objective is to develop and implement procedures 

for  field sampling, field testing, chain of custody, laboratory analysis, and reporting 
that will assure quality as specified in DOE orders governing quality assurance and 

environmental protection. Specific procedures to be used for  sampling, chain-of-cus- 
tody, audits, preventive maintenance, and corrective actions are  described in other 

sections of this IGMP Quality Assurance/Quality Control Plan. The purpose of this 
section is to define quality assurance goals for accuracy; precision and sensitivity o f  

analysis; and completeness, representativeness, and comparability of measurement data 

from all analytical laboratories. Quality assurance objectives fo r  field measurements 

are also discussed. 

For some field activities, samples will not be collected, but measurements will 

be taken where quality assurance concerns are  appropriate (e.g., field measurements of 

pH, temperature, and elevations). The primary quality assurance objective in activi- 
ties where samples are not collected is to obtain reproducible measurements to a de- 

gree of accuracy consistent with their intended use and to document measurement 
procedures. 

3.1. REGULATORY AND LEGAL REQUIREMENTS 

Data used to evaluate compliance with the National Interim Primary Drinking 
Water Standards, State of Colorado water-quality standards, or water-quality criteria 

for  agricultural or industrial use will have method detection limits as specified by the 

analytical method used, as appropriate. 

3.2. LEVEL OF QUALITY ASSURANCE EFFORT 

Field duplicates, field blanks, and trip blanks will be taken and submitted to 

the analytical laboratories to provide a means to assess data quality resulting from 

field sampling. Duplicate samples wiil be analyzed to check fo r  sampling repro- 

ducibility. Field and trip blanks will be analyzed to check for  procedural contamina- 

tion and/or ambient site conditions that are  causing sample contamination. Trip 

blanks will be analyzed to check for  contamination during packaging and shipment. 
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Because volatile organic compounds are a class o f  contaminants most likely to be in- 
troduced to the sample by  the sample container, there wil l  be one trip blank per batch 
o f  samples designated for volatile organic compound analysis (shipping container). 
There will be one duplicate and one f ield blank for  every 10 investigative samples 

collected. For  laboratory organic analysis, matrix spikes and matrix spike duplicates 
w i l l  be used. The general level o f  quality assurance e f f o r t  f o r  organic analysis will 
bc one matrix spike and one matrix spike duplicate prepared f o r  every 20 samples o f  
similar concentration and/or similar sample matrix, whichever is greater. In addition 
to f ield check samples, water samples o f  known concentration traceable to either E P A  
or NBS standards will be prepared f o r  inorganic and radiological analyses. The  gen- 
eral level o f  quality assurance e f f o r t  f o r  inorganic analyses will be one duplicate 
known sample and one duplicate f ield sample f o r  every 10 investigative samples to 
check analytical reproducibility. 

Soil samples selected f o r  geotechnical testing will include one field duplicate 
for each 20 analyses being performed, if possible, but will not include blanks. 

T h e  groundwater, surface water, and soil samples collected at Rocky  Flats  
Plant during CEARP Phase 2 wil l  be anaIyzed using the analytical methods specified 
i n  Tables 3.1, 3.2, 3.3, and  3.4. T h e  level o f  laboratory quality assurance e f f o r t  will 
correspond to the procedures outlined in Appendix A. 

324. ACCURACY, PRECISION, AND SENSITIVITY OF ANALYSES 

T h e  fundamental quality assurance objective with respect to accuracy, pre- 
cision, and sensitivity o f  laboratory analytical data is to achieve the quality control 
acceptance criteria of the analytical protocols. Sensitivities required f o r  analyses o f  
radionuclides, organics, metals, and other inorganic compounds, in both aqueous and 
solid matrices will be the detection limits shown in Tables 3.1, 3.2, 3.3, 3.4, 3.5, and 
3.6. Achieving these detection limits depends on the sample matrix. Highly contami- 
nated samples requiring dilution will have detection limits higher than those detected. 

T h e  accuracy o f  f i e ld  laboratory measurements o f  groundwater and surface 
water pH will  be assessed through pre-measurement calibrations and post-measurement 
verifications using a t  least two standard buf fer  solutions. T h e  two measurements 

must each be within +0.05 standard units of buf fer  solution values. Precision will .be 
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assessed through replicate measurements of every tenth sample. The standard de- 

viation of four replicate measurements must be less than or equal to 0.1 standard 
units. (The electrode will be withdrawn, deionized-rinsed and re-immersed between 

each replicate. The calibration and verification will be done before the first repli- 
cate and af ter  the last replicate.) The instrument used will be capable of providing 
measurements to 0.01 standard units. 

The geotechnical and field data will be considered accurate i f  the quality as- 
surance criteria with respect to equipment, solutions, and calculations are met, and if 

adherence to appropriate methods can be documented during a systems audit. 

3.4. COMPLETENESS, REPRESENTATIVENESS AND COMPARABILITY 

The laboratories will provide data meeting quality control acceptance criteria 
as described in Appendix A. Laboratories will provide completely valid data 
(IGMP/CSPCP QA/QC Plan, Section 8); the reasons for any variances from 100 per- 

cent completeness will be documented in writing. 

3.5. FIELD MEASUREMENTS 

Measurement data will be generated in many field activities. These activities 

may include, but are  not limited to, the following: 

- using geophysical surveys 

- documenting time and weather conditions 

- locating and determining the elevation of sampling stations 

- measuring pH, conductivity, and temperature of water samples 

- qualitative organic vapor screening of solid samples using a pho- 
toionization detector (PID) or a n  organic vapor analyzer (OVA) 

- measuring water levels in a borehole or well 

- standard penetration testing 

- calculating pumping rates 

- verifying well-development and presampling purge volumes 

- performing hydraulic conductivity tests 
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The general quality assurance objective for such measurement data is to obtain 

reproducible and comparable measurements to a degree of accuracy consistent with 

the intended use of the data through the documented use of  standardized procedures. 
Procedures for performing these activities and standardized formats for documenting 

them are presented in the CGMP and IGMP/CSPCP Sampling Plans. These procedures 

may be incorporated by reference (EPA methods) or  included as appendices. Stan- 
dardized formats for  documenting data collection are included in the Technical Data 
M a  nag em en t Plan. 
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ATTACHMENT 1 

Method References 

1 .  U.S. Environmental Protection Agency, 1979, Radiochemical Analytical Procedures 
for Analysis o f  Environmental Samples, Report No. EMSL-LY-0539- 1, Las Vegas, 
NV, U.S. Environmental Protection Agency. 

2. American Public Health Association, American Water Works Association, Water 
Pollution Control Federation, 1985. Standard Methods for  the Examination of 
Water and Wastewater, 16th ed., Washington, D.C., Am. Public Health Association. 

3. U.S. Environmental Protection Agency, 1976. Interim Radiochemical Methodology 
for Drinking Water, Report No. EPA-600/4-75-008. Cincinnati U.S. Environmen- 
tal Protection Agency. 

4. Harley, J. H., ed., 1975, HASL Procedures Manual, HASL-300; Washington, D.C., 
US. Energy Research and Development Administration. 

5 ,  Misaqi, Fazlelleh L., Monitoring Radon-222 Content of Mine Waters Informational 
Report 1026, U.S. Department of Interior, Mining Enforcement and Safety Ad- 
ministration, Denver, CO, 1975. 

6. "Radioassay Procedures for Environmental Samples," 1967, USDHEW, Section 7.2.3. 

7. "Handbook o f  Analytical Procedures," USAEC, Grand Junction Lab. 1970, page 
196. 

8. "Prescribed Procedures for  Measurement of Radioactivity in Drinking Water," 
EPA-600/4-80-032, Auguat 1980, Environmental Monitoring and Support Labora- 
tory, Off ice  o f  Research and Development, U.S. Environmental Protection 
Agency$ Cincinnati, QRio 45268. 

9. "Methods for  Determination of Radioactive Substances in Water and Fluvial Sed- 
iments," U.S.G.S. Book 5, Chapter AS, 1977. 

10. "Acid Dissolution Method for the Analysis of Plutonium in Soil," EPA-600/7-79- 
081, March 1979, US. EPA Environmental Monitoring and Support Laboratory, 
Las Vegas, Nevada, 1979, 

1 1 .  "Procedures for the Isolation o f  Alpha Spectrometrically Pure Plutonium, Ura- 
nium and Americium," by E. H. Essington and B. J. Drennon, Los Alamos National 
Laboratory, a private communication. 

12. "Isolation o f  Americium from Urine Samples," Rocky Flats Plant, Health, Safety, 
and Environmental Laboratories. 
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ATTACHMENT 2 

Lower Limits of Detection 

The detection limits presented were calculated using the formula in N.R.C. 
Regulatory Guide 4.14, Appendix Lower Limit of Detection, pg. 21, and follow: 

1 /2 
LLD = 4.66 BKG 

DUR 

(2.22) (Eff)  (CR) (SR) (e-xt) (Aliq), 

Where 

LLD 
BKG 
DUR 
Eff 
CR 
SR 
X 
t 

Lower Limit of Detection in pCi per sample unit 
Instrument Background in counts per minute (cpm) 
Duration of sample counting in minutes 
Counting efficiency in cpm/disintegration per minute (dpm) 
Fractional radiochemical yield 
Fractional radiochemical yield of a known solution 
The radioactive decay constant for  the particular radionuclide 
the elapsed time between sample collection and counting. 

In that LLD is a function of many variables including sample matrix, sample 
volume, and other factors, the limits presented are  only intended as guides to order- 
of-magnitude sensitivities and, in practice, can easily change by a factor of two or 
more even fo r  the conditions specified. 
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ATTACHMENT 1 

Method References 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

U.S. Environmental Protection Agency, 1979, Radiochemical Analytical Procedures 
for Analysis of Environmental Samples, Report No. EMSL-LY-0539- 1, Las Vegas, 
NV, U.S. Environmental Protection Agency. 

American Public Health Association, American Water Works Association, Water 
Pollution Control Federation, 1985. Standard Methods fo r  the Examination o f  
Water and Wastewater, 16th ed., Washington, D.C., Am. Public Health Association. 

US. Environmental Protection Agency, 1976. Interim Radiochemical Methodology 
for  Drinking Water, Report No. EPA-600/4-75-008. Cincinnati U.S. Environmen- 
tal Protection Agency. 

Harley, J. H., ed., 1975, HASL Procedures Manual, HASL-300; Washington, D.C.. 
U.S. Energy Research and Development Administration. 

Misaqi, Fazlelleh L., Monitoring Radon-222 Content of Mine Waters Informational 
Report 1026, U.S. Department of  Interior, Mining Enforcement and Safety Ad- 
ministration, Denver, CO, 1975. 

"Radioassay Procedures for Environmental Samples," 1967, USDHEW, Section 7.2.3. 

"Handbook of Analytical Procedures," USAEC, Grand Junction Lab. 1970, page 
196. 

"Prescribed Procedures for Measurement of Radioactivity in Drinking Water," 
EPA-600/4-80-032, Auguat 1980, Environmental Monitoring and  Support Labora- 
tory, Office of Research and  Development, U.S. Environmental Protection 
Agency, Cincinnati, Ohio 45268. 

"Methods for  Determination of Radioactive Substances in Water and Fluvial Sed- 
iments," U.S.G.S. Book 5, Chapter AS, 1977. 

"Acid Dissolution Method for  the Analysis of Plutonium in Soil," EPA-600/7-79- 
08 1, March 1979, U.S. EPA Environmental Monitoring and  Support Laboratory, 
Las Vegas, Nevada, 1979. 

"Procedures for  the Isolation of Alpha Spectrometricaily Pure Plutonium, Ura- 
nium and Americium," by E. H. Essington and B. J. Drennon, Los Alamos National 
Laboratory, a private communication. 

"Isolation of  Americium fr-om Urine Samples," Rocky Flats Plant, Health, Safety, 
and  Environmental Laboratories. 
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ATTACHMENT 2 

Lower Limits of Detection 

The detection limits presented were calculated using the formula in N.R.C. 
Regulatory Guide 4.14, Appendix Lower Limit of Detection, pg. 21, and follow: 

1 /2 
LLD = 4.66 BKG 

DUR 

(2.22) (Eff)  (CR) (SR) (e-xt) (Aliq), 

Where 

LLD 
BKG 
DUR 
Eff 
CR 
SR 
x 
t 

Lower Limit of Detection in pCi per sample unit 
Instrument Background in counts per minute (cpm) 
Duration of sample counting in minutes 
Counting efficiency in cpm/disintegration per minute (dpm) 
Fractional radiochemical yield 
Fractional radiochemical yield of a known solution 
The radioactive decay constant for  the particular radionuclide 
the elapsed time between sample collection and counting. 

In that LLD is a function of many variables including sample matrix, sample 
volume, and other factors, the limits presented are  only intended as guides to order- 
of-magnitude sensitivities and, in practice, can easily change by a factor of two or 
more even for the conditions specified. 

': 
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Table 3.5. Hazardous Substance List (HSL) and Contract Required 
Detection Limits (CRDL)** 

Detection Limits* 
Low Watera Low Soil/Sedirnentb 

Volatiles CAS Number ug/L U S K E  ~- 

I .  
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 

Acetone 
Carbon Disulfide 
1, I-Dichloroethene 
1,l-Dichloroethane 

10. trans-1,2-Dichloroethene 

11. Chloroform 
12. 1,2-Dichloroethane 
13. 2-Butanone 
14. l,l ,l-Trichloroethane 
15. Carbon Tetrachloride 

16. Vinyl Acetate 
17. Bromodichloromethane 
18. 1,1,2,2-Tetrachloroethane 
19. 1,2-Bichloropropane 
20. trans- 1,3-Dichloropropene 

21. Trichloroethene 
22. Dibromochloromethane 
23, 1,1,2-TrichIoroethane 
24. Benzene 
25. cis-l,3-Dichloropropene 

26, 2-Chloroethyl Vinyl Ether 
27. Bromoform 
28. 2-Hexanone 
29. 4-Methyl-2-pentanone 
30. Tetrachloroethene 

31. Toluene 
32. Chlorobenzene 
33. Ethyl Benzene 
34. Styrene 
35. Total Xylenes 

74-87-3 
74-83-9 
75-0 1-4 
75-00-3 
75-09-2 

67-64- 1 
75-1 5-01 
75-35-4 
75-35-3 
156-60-5 

67-66-3 
107-06-2 
78-93-3 
7 1-55-6 
56-23-5 

108-05-4 
75-27-4 
79-34-5 
78-87-5 
10006 1-02-6 

79-0 1-6 
124-48- 1 
79-00-5 
7 1-43-2 
10061-01-5 

110-75-8 
75-25-2 
591-78-6 
108-10-1 
127- 18-4 

108-88-3 
108-90-7 
100-4 1-4 
100-42-5 
100-42-5 

10 
10 
10 
10 
6 

10 
5 
5 
5 
5 

5 
5 

10 
5 
5 

10 
5 
5 
5 
5 

5 
5 
5 
5 
5 

i o  
5 

10 
10 
5 

5 
5 
5 
5 
5 

10 
10 
10 
10 
5 

IO 
5 
5 
5 
5 

5 
5 

10 
5 
5 

10 
5 
5 
5 
5 

5 
5 
5 
5 
5 

10 
5 

10 
10 
5 

5 
5 
5 
5 
5 
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Table 3.5. (Continued) 

Semi-Volatiles 

36. N-Nitrosodimet h ylamine 
37. Phenol 
38. Aniline 
39. bis(2-Chloroethyl) ether 
40. 2-Chlorophenol 

4 1. 1,3-Dichlorobenzene 
42. 1,4-Dichlorsbenzene 
43. Benzyl Alcohol 
44. 1,2-Dichlorobenzene 
4 5. 2-Me t h y lp he no 1 

44. bis(2-Chloroisopropyl 

4 7 .  4-Me t h y 1 p hen01 
48. N-Nitroso-Dipropylamine 
49. Hexachloroethane 
50. Nitrobenzene 

ether 

5 1. Isophorone 
52. 2-Nitrophenol 
53. 2,4-Dimethylphenol 
54. Benzoic Acid 
55. bis(2-Chloroethoxy) 

methane 

54, 2,4-Diehlorophenol 
57. %,2,4-T~icRlorobenzenc 
58. Naphthalene 
59. 4-Chloroaniline 
60. Hexachlorobutadiene 

6 1. 4-Chloro-3-methylphenol 
(para-chloro-meta-cresol) 

62. 2-Methylnaphthalene 
63. Hexachlorocyclopentadiene 
64. 2,4,6-Trichlorophenol 
65. 2,4,5-Trichlorophenol 

66. 2-Chloronaphthalene 
67. 2-Nitroaniline 
68. Dimethyl Phthalate 
69. Acenaphthylene 
70. 3-Nitroaniline 

CAS Number 

62-75-9 
108-95-2 
62-53-3 
11 1-44-4 
95-57-8 

541-73-1 
106-46-7 
100-5 1-6 
95-50-1 
95-48-7 

39638-32-9 
106-44-5 
62 1-64-7 
67-72- 1 
98-9 5- 3 

78-59- 1 
88-75-5 
105-67-9 
65-85-0 

I 11-91-1 

120-83-2 
II 20-82- B 
9 1-28- 1 
106-47-8 
87-68-3 

59-50-7 
9 1-57-6 
77-47-4 
88-06-2 
95-95-4 

.~ 91-58-7 
88-74-4 
131-1 11-3 
208-96-8 
99-09-2 

Detection Limits* 
L o w  Water' Low Soil/Sedimentd 

ua/L ua/Ke 

10 330 
10 330 
10 330 
10 330 
10 330 

10 330 
10 330 
10 330 
10 330 
10 330 

10 
10 
10 
10 
10 

330 
330 
330 
330 
330 

10 330 
10 330 
10 330 
50 1600 

10 330 

10 330 
10 338 
10 330 
10 330 
10 330 

10 330 
10 330 
10 330 
10 330 
50 1600 

10 
50 
10 
10 
50 

330 
1600 
330 
330 

1600 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) QA/QC Plan Section 3,  page 16 



Table 3.5. (Continued) 

Detection Limits* 
Low Water' Low Soil/Sedirnentd 

CAS Number U B / L  ug /Ke  Semi-Volatiles 

71. Acenaphthene 
72. 2,4-Dinitrophenol 
73. 4-Nitrophenol 
74. Dibenzof uran  
75. 2,4-Dinitrotoluene 

83-32-9 10 
5 1-28-5 50 
100-02-7 50 
132-64-9 10 
12 1 - 14-2 10 

330 
1600 
1600 
330 
3 30 

76. 2,6-Dinitrotuluene 
77. Diethylphthalate  
78. 4-Chlorophenyl Phenyl 

e ther  
79. Fluorene 
80. 4-Nitroaniline 

606-20-2 
84-66-2 

10 
10 

330 
330 

7005-7 2-3 10 
86-73-7 10 
100-0 1-6 50 

330 
330 

1600 

8 1.  4,6-Dinitro-2-methyl- 

82. N-nitrosodiphenylamine 
83. 4-Bromophenyl Phenyl 

84. Hexachlorobenzene 
85. Pentachloropphenol 

phenol 

e ther  

5 34- 5 2- 1 
86-30-6 

50 1600 
10 330 

10 1-55-3 
1 18-74- 1 
8 7- 86-5 

10 330 
10 330 
50 1600 

86. Phenanthrene 
87. Anthracene 
88. Di-n-butylphthalate 
89. Fluoranthene 
90. Benzidine 

85-01-8 10 330 
120- 12-7 10 330 
84-74-2 10 330 
206-44-0 10 330 
92-87-5 50 1600 

91. Pyrene 
92. Butyl Benzyl 

Phthalate  
9 3. 3,3'- D i c h 1 or  o be n zi d i ne  
94. Benzo(a)anthracene 
95. bis(2-ethylhexyl) 

phthalate  

129-00-0 10 330 

85-68-7 
91-94-1 
56-55-3 

10 
20 
10 

330 
660 
330 

117-81-7 10 330 

96. Chrysene 
97. Di-n-octyl Phthalate  
98. Benzo(b)fluoranthene 
99. Benzo(k)fluoranthene 

100. Benzo(a)pyrene 
10 1. Indeno( 1 ,2 ,3-~d)pyrene 
102. Dibenz(a,h)anthracene 
103. Benzo(g,h,i)perylene 

21 8-01-9 
117-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
19 1-24-2 

10 
10 
10 
10 
10 
10 
10 
10 

330 
330 
330 
330 
330 
330 
330 
330 
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Pesticides 

104. alpha-BHC 
105. beta-BHC 

106. delta-BHC 
107. gamma-BHC (Lindane) 
108. Heptachlor 
109. Aldrin 
110. Heptachlor Epoxide 

1 1  I .  Endosulfan I 
112. Dieldrin 

114. Endrin 
115 .  Endosulfan I1 

113. 4,4’-DOE 

116. 4,4’-DDD 
1 1  7. Endrin Aldehyde 
118. Endosulfan Sulfate 

120. Endrin Ketone 
119. 4,4-’DDT 

12 1.  Methoxychlor 
122. Chlordane 
123. Toxaphene 
124. AROCLOR-10116 
125. AROCLOR-%221 

126. A R O C L B R - I  232 
127. AROCLOR- 1242 
128. AROCLOR-I248 
129. ARBCLOR-I  254 
130. AROCLOR- I260 

Table 3.5. (Continued) 

Detection Limits* 
Low Watere Low Soil/Sedirnentf 

CAS Number U E / L  U E / K E  

3 19-84-6 0.05 
319-85-7 0.05 

3 19-86-8 0.05 
58-89-9 0.05 
76-44-8 0.05 
309-00-2 0.05 
1024-57-3 0.05 

959-98-8 0.05 
60-57-1 0.10 
72-55-9 0.10 
72-20-8 0.10 
332 13-65-9 0.10 

72-54-8 0.10 
742 1-93-4 0.10 
103 1-07-8 0.10 
50-29-3 0.10 
5 3 494-70-5 0.10 

8.0 
8.0 

8.0 
8.0 
8.0 
8.0 
8.0 

8.0 
16.0 
16.0 
16.0 
16.0 

16.0 
16.0 
16.0 
16.0 
16.0 

72-43-5 0.5 80.0 
57 -74-9 0.5 80.0 - 

8001-35-2 1 .o 160.0 
12674-1 1-2 0.5 80.0 
1 I 104-28-2 0.5 80.0 

11 %41-16-5 0.5 
53469-2 1-9 0.5 
12672-29-6 0.5 
1 1097-69- 1 1 .o 
11096-82-5 1 .o 

80.0 
80.0 
80.0 

160.0 
160.0 

‘Medium Water Contract Required Detection Limits (CRDL) for  Volatile HSL 
Compounds are 100 times the individual Low Water CRDL. 

bMedium Soil/Sediment Contract Required Detection Limits (CRDL) for Volatile 
HSL Compounds are 100 times the individual Low Soil/Sediment CRDL. 

‘Medium Water Contract Required Detection Limits (CRDL) for Semi-volatile HSL 
Compounds are 100 times the individual Low Water CRDL. 

dMedium Soil/Sediment Contract Required Detection Limits (CRDL) for  Semi- 
Volatile HSL Compounds are 60 times the individual Low Soil/Sediment CRDL. 
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Table 3.5. (Continued) 

eMedium Water Contract Required Detection Limits (CRDL) for  Pesticide HSL 

fMedium Soil/Sediment Contract Required Detection Limits (CRDL) for  Pesticide 
Compounds are  100 times the individual Low Water CRDL. 

HSL compounds are  60 times the individual Low Soil/Sediment CRDL. 

*Detection limits listed for  soil/sediment a re  based on wet weight. The detection l i m i t s  
calculated by the laboratory fo r  soil/sediment, calculated on dry  weight basis, as 
required by the contract, will be higher. 

detection limits are  highly matrix dependent. The  detection limits listed herein are 
provided fo r  guidance and  may not always be achievable. 

**These a re  the EPA detection limits under the Contract Laboratory Program. Specific 
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Table 3.6. Elements Determined by Inductively Coupled 
Plasma Emission or Atomic Absorption Spectroscopy 

Element 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
hlia g n es i u m 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thall ium 

Vanadium 
Zinc  

CtSiUm 
Moly bden u m 
Strimtiurn 

Contract Required 
Detection Level'I2 

(ua/L) 

200 
60 
10 

200 
5 
5 

5000 
i o  
50 
25 

100 
5 

5000 
15 

0.2 
40 

5000 
5 

10 
5000 

10 

50 
28 

20 
40 

200 

Cyanide 10 

Note: Detection limits in soil/sediment are  numerically equivalent to those listed 
above with concentration units o f  mg/kg. 

'Higher detection levels may also be used 
in the following circumstances. 

If the sample concentration exceeds two times the detection limit o f  the instrument 
or method in use, the value may be reported even though the instrument or method 
detection limit may not equal the contract required detection limit. This  
is  illustrated in the example below: 
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Table 3.6. (Continued) 

For lead: 

Method in use - ICP 
Instrument Detection Limit (IDL) = 40 
Sample Concentration = 85 
Contract  Required Detection Limit (CRDL) = 5 

The  value of 85 may be reported even though instrument detection limit is greater 
than  required detection level. The  instrument or method detection limit must be 
documented. 

'These CRDL are  the instrument  detection limits obtained in pure water. 
met using the procedure in Exhibit E. The  detection limits for samples may be 
considerably higher depending on the sample matrix. 
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6. CALIBRATION PROCEDURES AND FREQUENCY 

Standard commercial calibration procedures will be used by the analytical lab-  

oratories, as specified in Appendix A. 

Calibration of equipment used to perform geotechnical testing will be in 3 c -  

cordance with that specified in the ASTM Method D 422-63 for  hydrometer and sieve 

analyses (Annual Book of ASTM Standards, Volume 04.08, 1984). The equipment cali- 

brations, including those for ovens, thermometers and balances, shall be done at  3 

minimum of every six months and prior to large scale testing. 

Field instruments will be calibrated according to procedures presented in Ap- 

pendixes A and B of the IGMPjCSPCP Sampling Plan. A calibration log book will be 

assigned to each field instrument, and all calibrations will be documented in the log 

books. 
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8. DATA REDUCTION, VALIDATION, AND REPORTING 

Analytical laboratories will provide results to the Rockwell Internationnl 

CEARP Manager, the Subcontractor Project Manager, and  Quality Assurance Officers. 

These da ta  will include results and  documentation for  blanks and  duplicates, matrix 

spikes, and forms summarizing analytical precision and accuracy. 

Analytical data ,  including qual i ty  control sample analysis, will be entered into 

the technical da ta  base. The  analyses will be grouped into lots, with quality control 

samples associated with a particular lot. The  analyses of quality control sampies wi l l  

be compared to theoretical known concentrations of those samples. If analyses do  not 

meet acceptance criteria, the analytical laboratory may be asked to re-analyze the 

samples for  parameters which do  not exceed holding times. Analyses which cannot 

meet acceptance criteria, will be labelled as unacceptable. All parameter-specific val- 

ues fo r  a lot in  which the qual i ty  control analyses d id  not meet acceptance cr i ter ia ,  

will be removed f rom the technical da ta  base. 

Acceptance criteria for  analyses of parameters fo r  qual i ty  control samples 

(knowns) will be based on the theorctical known value furnished by the laboratory 

that  prepared the sample. The  theoretical known value is stated a s  a range of values. 

The  analysis of the  sample must be within the stated range of the theoretical known. 

plus or  minus 10% of the range. An exception is analyses a t  o r  near the limit of de-  

tection. If the  lower limit of the range of the  theoretical known value is less than 

twice the limit o f  detection, a n  acceptable analysis includes the  range f rom the limit 

of detection to the upper l imit  o f  the theoretical range, plus 10%. 

Analytical reports f rom a f ie ld  laboratory, if used, and  the geotechnical labo- 

ra tory will include all raw data, documentation o f  reduction methods, and  related 

qual i ty  assurance/quality control data. These da ta  will be assessed by  verification ot’ 

reduction results and  confirmation of compliance with qual i ty  assurance/quality con- 

trol requirements. 

R a w  da ta  f rom f ie ld  measurements and  sample collection activities used i n  

project reports will be appropriately identified. Where da t a  have been reduced or 

summarized, the method of reduction will be documented. 
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The  Qual i ty  Assurance Off icers  will review results of Qual i ty  Control-accep- 
tance evaluations and  will document acceptance or non-acceptance of data. The  Qual- 

i t y  Assurance Off icers  will maintain records of qual i ty  control-acceptance tests. 
These records will be subject to independent audi t ,  which may include Los Alamos 

National Laboratory. 
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9. INTERNAL QUALITY CONTROL PROCEDURES 

Internal  qual i ty  control procedures fo r  the laboratory a re  those specified i n  

Appendix A. These specifications include types of audi t s  required (e.g., sample 

spikes, surrogate  spikes, reference samples, controls, and  blanks), f requency of audits.  

compounds to be used f o r  sample spikes and  surrogate spikes, and  qual i ty  control ac- 

ceptance cr i ter ia  for  audits.  

T h e  qual i ty  control checks and  acceptance f o r  da t a  f r o m  a f ie ld  laboratory,  i f  

used, and  the geotechnical laboratory a re  described above in  Sections 3.2 a n d  3.5. 

Quali ty  control procedures for  f ie ld  measurements (pH, conduct ivi ty ,  and  tempera- 

ture)  a r e  l imited to checking the reproducibil i ty of the  measurement in  the f ie ld  by 

obtaining multiple readings and/or  by cal ibrat ing the instruments  (where ap- 

propriate).  Qual i ty  control of f ie ld  sampling will involve collecting f ie ld  duplicates 

and  blanks. 
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10. PERFORMANCE AND SYSTEMS AUDITS 

For each activity where samples a re  collected, a performance audi t  investi- 

gating conformance with quality control procedures will be conducted (Appendix A) 

a t  the discretion of the Rockwell International CEARP manager, Subcontractor Pro- 

ject Manager, and  Qual i ty  Assurance Officers. This  audi t  will be scheduled to allow 

oversight of as many d i f fe ren t  f ie ld  activities as  possible. This  audi t  will be per- 

formed by the Qual i ty  Assurance Off icers  or their designees. A wri t ten report of the 

results of this audi t ,  along with a notice of nonconformity (if necessary), will be 

submitted to the following individuals: 

- Rockwell Internat ional  CEARP Manager 
- Subcontractor Project Manager 
- Subcontractor Site Manager 

At least one systems audi t  will be performed dur ing  the project. The  audi t  

will ver i fy  that  a system of qual i ty  control measures, procedures, reviews, and  ap- 

provals was established f o r  all activities and  is being used by project personnel. I t  

will also ver i fy  that  the system fo r  project documentation is being used and  that  a21 

quality control records, along wi th  required qual i ty  control reviews, approvals, 3nd 

act ivi ty  records a re  being maintained. A s tandard checklist for  systems audi ts  will be 

used. T h e  systems audit will be conducted by the  Qual i ty  Assurance Off icers  and/or  

L o s  Alamos National Laboratory. A f ina l  report will be prepared which summarizes 

a n y  deviations from approved methods and  their impacts on the project results. 

.After  consultation with the CEARP Manager (and Subcontractor Project Man- 
ager), the Qual i ty  Assurance Off icers  may scheduIe systems audi t s  of the participat- 

ing laboratories. At  a minimum, the systems audi t  would include inspection of labo- 

ra tory notebooks, control sheets, logsheets, computer files, and  equipment  calibration 

and  maintenance records. If scheduled, system audi t s  will be executed by individuals 

ident i f ied in  Section 2.3 of this document. 

Performance and systems audi t s  of analyt ical  laboratories will be scheduled 

and  executed by the laboratory Qual i ty  Assurance Officers. Performance audi t s  are 

conducted a t  least semiannually. 
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1 1 .  PREVENTIVE MAINTENANCE 

This  section applies solely to f ie ld  equipment.  Preventive maintenance will be 

addressed by checks o f  equipment  prior to ini t ia t ion of f ie ld  operations,  to allow time 
for replacement of malfunct ioning equipment.  T h e  Subcontractor  Si te  Manager will 

be responsible f o r  implementing a n d  documenting these procedures on  a weekly basis 

dur ing  the period o f  use. 
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12. LABORATORY DATA ASSESSMENT PROCEDURES 

Analytical da ta  f rom laboratories is assessed for  accuracy, precision and com- 
pleteness by the laboratory Quality Assurance Officers, using s tandard procedures. 

Assessment of da ta  generated by analytical laboratories is initiated and  con- 
tinued a t  three administrative levels. The  bench chemist directly responsible for  the 
test knows cur ren t  operating acceptance limits. He/she can directly accept or  rejecr 
generated da ta  and  consult with his/her immediate supervisor fo r  any  corrective 
action. Once the bench chemist has reported the da ta  as  acceptable, he/she initials 

the report sheet. Any out-of-control results a re  flagged and a note is made as to w h y  

the results were reported. 

The  chief chemist receives the data  sheets and  reviews the qual i ty  control data 
tha t  accompanied the sample run. After  checking the reported da ta  for  completeness 
and  qual i ty  control results, the chief chemist either initials the report sheet or sends 

i t  back to the bench chemist fo r  rerunning of samples. The  Qual i ty  Control Coordi- 

nator reviews da ta  forwarded to him/her as  acceptable by the chief chemist. Any 

remaining out-of-control results that, in the opinion of the Qual i ty  Control Coordina- 

tor, do not necessitate rerunning of the sample, a re  flagged, and  a memo is written to 

the da t a  user regarding utility of the  data. Data  generated f rom all analyses a re  
given a f ina l  review by the  laboratory Qual i ty  Assurance Officers. 
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13. CORRECTIVE ACTION PROCEDURES 

The  Qual i ty  Assurance Off icers  and  their audi t  teams will prepare a report dc- 

scribing the results of the performance and/or  system audits. If unacceptable condi- 
tions (e.g., fa i lure  to have/use procedures), unacceptable data ,  nonconformity with the 
qual i ty  control procedures, or  a deficiency are  identified, the Qual i ty  Assurance OC- 

f icers  will not i fy  the Rockwell International CEARP Manager of the results of the 
aud i t  in writing. They wil l  also s ta te  if the nonconformity is of significance for  the 
program and recommend appropriate  corrective actions. The  Rockwell International 

CEARP Manager will be responsible for  ensuring that  correcitve is developed and  ini- 

tiated and  that, if necessary, special expertise not normally available to the project 

team is made available. The  subcontractor will be responsible f o r  carrying out  cor- 

rective actions. The  subcontractor will also ensure that  addi t ional  work is not per- 

formed unt i l  the nonconformity is corrected. Corrective action may include 

- reanalyzing the samples i f  holding time permits, 

- resampling and  reanalyzing, 

- evaluat ing and  amending the  sampling and  analyt ical  procedures, 
and  

- accepting the da t a  and  acknowledging its level of uncertainty. 

T h e  Rockwell Internat ional  CEARP Manager will be responsible f o r  ensuring 

tha t  corrective act ion was taken, and  that  it adequately addressed the nonconformity. 

After  corrective act ion is taken, the Qual i ty  Assurance Off icer  responsible for 
the audi t  will document its completion in a wri t ten report. The  report will indicate 

a n y  ident i f ied findings, corrective action taken,  follow-up action, and  f ina l  
recommendations. The report will be sent to the Rockwell Internat ional  CEARP Man- 

ager. Project s ta f f  will be responsible fo r  ini t ia t ing reports on suspected nonconfor- 

mities in  f ie ld  activities and  deliverables or  documents. 
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13. Q U A L I T Y  A S S U R A N C E  R E P O R T S  

'., 

The Rockwell International CEARP Manager will rely on written re- 
portsjmemoranda documenting data  assessment activities, performance and systems 
audits, nonconformity notices, corrective action reports, and  qual i ty  assurance notices 

to enforce quality assurance requirements. The  Los Alamos National Laboratory will 

be issued a wri t ten qual i ty  assurance report a t  the end o f  each stage of site character- 
ization (remedial investigation) by the Rockwell Internat ional  CEARP Manager. 

Records will be maintained to provide evidence of qual i ty  assurance activities. 
Proper maintenance of qual i ty  assurance records is essential to provide support for  
evidential proceedings and  to assure overall qual i ty  of the investigation. A quality 
assurance records index will be started a t  the beginning of  the  project. A11 informa- 

tion received f rom outside sources or  developed during the project will be retained b y  

the project team. Upon termination of an  individual  task or work assignment, work- 
ing files will be processed for  storage as qual i ty  assurance records. Upon termination 

of the project, complete documentation records (for example, chromatograms, spectra, 
and  calibration records) will be archived as  required by DOE Order  1324.2A (Records 
Deposition). The  Rockwell Internat ional  CEARP Manager a n d  the Lo s  Alamos N a -  

tional Laboratory CEARP Rocky Flats Plant Team Leader will be responsible fo r  en-  
sur ing that  the Qual i ty  Assurance records a re  being properly stored and  that  they can 

be retrieved. 
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1. LABORATORY QA/QC PROGRAM 

This appendix to the quaiity assurance/quaiity control plan describes the orga- 
nization and procedures used to produce reliable analytical data. These procedures 

are applicable to performing chemical, radiological, and geotechnical analyses on 
waste or environmental samples as appropriate. 

The ultimate responsibility fo r  the generation of reliable laboratory data rests 
w i t h  the laboratory management. Laboratory management is vested with the author- 
i t y  to establish those policies and procedures to ensure that only data  of the highest 

attainable caliber are  produced. Laboratory management, as well as the laboratory 

Quality Assurance/Quality Control Officer are responsible for  the implementation of  

t h e  established policies and procedures. 

Laboratory management has the following responsibilities: 

- direct implementation of the quality assurance program, 

- ensure that their personnel are  adequately trained to perform analy- 
ses, 

- ensure that equipment and instrumentation under their control are  
calibrated and functioning properly, and 

- review and perform subsequent corrective action on internal and ex- 
ternal audits. 

The  Quality AssurancelQuality Control Officer has the following responsibili- 

ties: 

- on-going review of individual quality assurance procedures, 

- providing assistance in the development and implementation of spe- 
cific quality assurance plans fo r  special analytical programs, 

~ coordination of internal and external quality assurance audits, 

- coordination of quality assurance training, 

- review of special project plans fo r  consistency with organizational 
requirements and advising laboratory management of inconsistencies, 
and 

- overall coordination of the laboratories’ quality assurance program 
manual. 
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1.2. SAMPLE MANAGEMENT 

On notification of the sampling and  analyses e f for t ,  the laboratory will create 

a f i le  to maintain records associated with the activity. In addi t ion to administrativc 

information, requests for  sample containers, preservatives, and  required analyses will 

be included in the file. 

Sample bottles will be prepared by the laboratory and made available to the 
sampling team. The  bottles will be prepared according to the analysis plan procedures 

and  will include sample preservatives appropriate  to the analytes and  matrices of 
concern. Addition of preservatives to sample shall be recorded on chain-of-custody 

forms. 

Samples received a t  the laboratories will be inspected fo r  integrity, and  any 

f ie ld  documentation will be reviewed for  accuracy and  completeness. 

Chain-of-custody and  sample integrity problems will be noted and  recorded on 

the chain-of-custody forms dur ing  sample log-in. Chain-of-custody forms and  def  i -  

ciency notices will be maintained in the file. Any deficiencies will be brought to the 

at tent ion of the Rockwell International CEARP Manager who will advise the labora- 
tory on the desired disposition o f  the  samples. 

Each sample tha t  is received by the laboratory will be assigned a unique se- 
quent ia l  sample number which will ident i fy  the  sample in the laboratory's internal 

t racking system. References to a sample in  any  communication will include the as- 

signed sample number. 

Samples will be stored in  a locked refrigerator a t  4OC. The  temperature  of the 

storage refr igerators  will be monitored and  recorded dai ly  by the sample custodian. 

Sample fract ions and  extracts will also be stored under  these same conditions. 
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1.3. ANALYTICAL SYSTEMS 

1.3.1. Instrument Maintenance 

Instruments will be maintained in accordance wi h manufa urers’ specif ica- 

t ions. More frequent maintenance may be dictated dependent on operational perfor- 
mance. Instrument logs w’ill be maintained to document the date, type, and reason for  

a n y  maintenance performed. 

Contracts on major instruments with manufacturers and service agencies may 
be used to provide routine preventive maintenance and to ensure rapid response to 

emergency repair service. 

1.3.2. Instrument Caiibration 

Before any  instrument is used, it will be calibrated using known reference ma- 
terials. All sample measurements will be made within the calibrated range o f  the in- 

strument. A record o f  calibration will be kept in an  equipment log. 

1.3.3. Personnel Training 

Prior to conducting analyses on an  independent basis, analysts will be trained 

by experienced personnel in the complete performance o f  the analytical method. An- 

alyses may require training a t  instrument ~ a ~ u ~ a ~ ~ u ~ e r ~ ’  training courses. The anad- 
lyst will be required to independently generate data on several method and/or matrix 

spikes to demonstrate proficiency in that analytical method. T h e  type of data to be 

generated will be dependent on the analytical method to be performed. Results o f  
t h i s  “certification“ will be reviewed by laboratory management for adequacy. 

Method blanks and method spikes will be required in every lot o f  samples an- 

alyzed, thus performance on a day-to-day basis can be monitored. Laboratory man- 

agement and the Laboratory Quality Assurance/Quality Control Of f i cer  are responsi- 

blc for  ensuring that samples are analyzed by only competent analysts. 
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1.4. ANALYTICAL METHODS 

1.4.1. G as C h r o m a t oe r a D h v / Ma ss s D e E t r 0 sco D Y 

Mass spectrometers will be tuned on a daily basis to manufacturer’s specifics- 
tions with FC-43. In addition, once per shift  (8 hours) these instruments will be 

tuned with decafluorotriphenylphosphine (DFTPP) or 4-bromo-fluorobenzene (BFB) 

for  semi-volatiles or volatiles, respectively. Ion abundance will be within the window 

dictated by the requirements of the specific protocols. Once an instrument has been 
tuned, initial calibration curves for analytes (appropriate to the analyses to be per- 

formed) will be generated for a t  least three solutions containing known concentrations 
of authentic standards of compounds of concern. 

The calibration curve will bracket the anticipated working range of analyses. 

Calibration data, to include the correlation coefficient, will be entered into 
laboratory notebooks to maintain a permanent record of instrument calibrations. 

During each operating shift,  a midpoint calibration standard will be analyzed 
to verify that the instrument responses are still within the initial calibration determi- 

nations. The calibration check compounds will be those analytes used in the EPA 

contract laboratory program’s multicomponent analyses (e.g., priority pollutants and 

hazardous substances list) with the exception that benzene will be used in place o f  

vinyl chloride (volatiles) and di-n-octyl phthalate will be deleted from the serni- 
volatile list. 

The response factor dr i f t  will be calculated and recorded. If significant 

(>30%) response factor d r i f t  is observed, appropriate corrective action will be taken to 

restore confidence in the instrumental measurements. 

All GC/MS analyses will include analyses of a method blank, a method spike, 

and a method spike duplicate in each lot of samples. In addition, appropriate surro- 

gate compounds specified in- EPA methods will spiked into each sample. Recoveries 

f rom method spikes and surrogate compounds will be calculated and recorded on con- 

trol charts to maintain a history of system performance. 
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Duplicate samples will be analyzed f o r  analytical lots o f  twenty (20) or more 

samples. 

Audit samples will be analyzed periodically to compare and verify laboratory 
performance against standards prepared by outside sources. 

1.1.2. Gas  Chromatoerabhv and HiPh Performance Liauid ChromatoeraDhy 

Gas chromatographs and high performance liquid chromatographs will be cali-  

brated prior to each day o f  use. Calibration standard mixtures will be prepared from 

appropriate reference materials and will contain analytes appropriate f o r  the method 

of  analysis. 

Working calibration standards will be prepared fresh daily. The  working stan- 

dards will  include a blank and a minimum o f  three concentrations to cover the antic- 

ipated range o f  measurement. At  least one of the calibration standards will be a t  or 
below the desired instrument detection limit. T h e  correlation coef f i c ient  o f  the plot 
o f  "known" versus "found" concentrations must be a t  least 0.996 in order to consider 

the responses linear over a range. I f  a Correlation coeff icient  o f  0.996 cannot be ob- 

tained, additional standards must be analyzed to define the calibration curve. A 

midpoint calibration check standard will be analyzed each operating sh i f t  (8 hours) to 
confirm the validity o f  the initial calibration curve. T h e  check standard must be 
w i t h i n  twenty (20) percent o f  the initial response curve to demonstrate that the initial 

calibration curve is still valid. 

Calibration data, to include the correlation coeff icient ,  will be entered into 
laboratory notebooks to maintain a permanent record o f  instrument calibrations. 

At least one method blank and two method spikes will be included in each 
laboratory lot o f  samples. Regardless o f  the matrix being processed, the method 

spikes and blanks will be in aqueous media. Method spikes will be at a concentration 

o f  approximately f i v e  (5) times the detection limit. 

The  method blanks will be examined to determined i f  contamination is being 

introduced in the laboratory. T h e  method spikes will be examined to determine both 

precision and accuracy. 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revirion l)QA/QC Plan Appendix A, page 6 



Accuracy will be measured by the percent recovery of the spikes; precision 
will be measured by the reproducibility of method spikes. 

1.4.3. Atomic AbsorDtion Stiectroohotometry 

Atomic absorption spectrophotometers will be calibrated prior to each day o f  

use. 

Calibration standards will be prepared from appropriate reference materials. 
and working calibration standards will be prepared fresh weekly. The working stan- 

dards will include a blank and a minimum of five concentrations to cover the antici- 

pated range of measurement. 

Duplicate injections will be made for each concentration. At least one o f  the 

calibration standards will be at  or below the desired instrument detection limit. The 

correlation coefficient of the plot of "known" versus "found" concentrations will be a t  

least 0.996 in order to consider the responses linear over a range. If a correlation co- 

efficient of 0.996 cannot be achieved, the instrument will be recalibrated prior to  

analysis of samples. Calibration data, to include the correlation coefficient, will be 

entered into laboratory notebooks to maintain a permanent record of instrument cali- 

brations. 

At least one method blank and two method spikes will be included in each 
laboratory lot of samples. Regardless of the matrix being processed, the method 

spikes and blanks will be in aqueous media. Method spikes will be a t  a concentration 
of approximately five (5) times the detection limit. 

The method blanks will be examined to determine if contamination is being 

introduced in the laboratory and will be introduced a t  a frequency of one per analyt- 

ical lot or f ive (5) percent of the samples, whichever is more. The method spikes will 

be examined to determine both precision and accuracy. Accuracy will be measured 

by the percent recovery of the spikes. The recovery must be within the range of 75- 

125 percent to be considered acceptable. 

Precision will be measured by the reproducibility of both method spikes. Re- 

sults must agree within twenty (20) percent in order to be considered acceptable. 
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1.1.4. SbectroDhotometric Methods 

Spectrophotometers will be calibrated prior to each day o f  use. Calibration 

standards will be prepared from reference materials appropriate to the analyses being 
performed, and working standards will include a blank and a minimum o f  f ive  (5) 

concentrations to cover the anticipated range o f  measurement. At least one o f  the 
calibration standards will' be a t  or below the desired instrument detection limit. The  

correlation coeff icient  o f  the plot o f  "known" versus "found" concentration will be a t  
least 0.996 in order to consider the responses linear over a range. I f  a correlation co- 

e f f i c ient  o f  0.996 cannot be achieved, the instrument will be recalibrated prior to the 
analysis o f  samples. 

Calibration data, to include the correlation coeff icient ,  will be entered into 

laboratory notebooks to maintain a permanent record o f  instrument calibrations. 

At least one method blank and two method spikes will be included in each 

laboratory lot o f  samples. Regardless of the matrix being processed, the method 

spikes will be a t  a concentration o f  approximately f i v e  (5) times the detection limit. 

The method blanks will be examined to determine if contamination is being 

introduced in the laboratory. 

Accuracy will be measured by the percent recovery o f  the spikes. T h e  recov- 

ery must be in an  a c c e p t a b ~ e  range (based on EPA data for the method of interest) iw 

order to be considered acceptable. Precision will be measured by the reproducibility 
o f  both method spikes. 

Results must agree within acceptable limits (based on E P A  data) in order to be 
considered acceptable. 

1.5. REFERENCE MATERIALS 

Whenever possible, primary reference materials will obtained f rom the Na- 
tional Bureau of Standards (NBS) or the U.S. Environmental Protection Agency (EPA). 
In absence o f  available reference materials from these organizations, other reliable 

sources may be sought. Reference  materials will be used f o r  instrument calibrations, 

quality control spikes, and/or performance evaluations. Secondary reference material 
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may be used for these functions provided that they are traceable to an  NBS standard 

or have been to an NBS standard within the laboratory. 

1.6. REAGENTS 

Laboratory reagents will be of a quality to minimize or eliminate background 

concentrations of the analyte to be measured. Reagents must also not contain other 
contaminants that will interfere with the analyte of  concern. 

1.7. CORRECTIVE ACTIONS 

When an  analytical system is deemed to be questionable or out-of-control a t  

any  level of review, corrective action will be taken. If possible, the cause of the out- 
of-control situation will be determined, and  efforts will be made to bring the system 
back into control. Demonstration of the restoration of a reliable analytical system 
will normally be accomplished by generating satisfactory calibration and/or quality 

control sample data. The  major consideration in performing corrective action will be 
to ensure that only reliable da ta  are reported f rom the laboratory. The Rockwell In- 

ternational CEARP Manager will be informed of the problem and  all corrective ac- 

tions taken. 

1.8. DATA MANAGEMENT 

1.8.1. Data Collection 

All da ta  will be recorded in laboratory notebooks. Laboratory notebooks will 
contain: 

- Date and  time of processing 
Sample numbers 
Project 
Analyses or operation performed 
Calibration da ta  
Quality control samples included 
Concentrationsldilutions required 
Instrument readings 
Special observations 
Analyst’s signature. 
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Copies of laboratory notebooks will be provided to the Rockwell International 

CEARP Manager on request. 

1.8.2. Data Reduction 

Data reduction will be performed by the individual analysts. The complexity 

o f  the data reduction will be dependent on the specific analytical method and the 

number of discrete operations (extractions, dilutions, and concentrations) involved. 

For those methods utilizing a calibration curve, sample responses will be ap- 

plied to the linear regression Iine to obtain an initial raw result which will be fac- 

tored into equations to obtain the estimate of the concentration in the original sample. 
Rounding will not be performed until after the final result is obtained, to minimize 
rounding errors, and results will not normally be expressed in more than two (2) sig- 

nificant figures. 

Copies of all raw data and the calculations used to generate the f inal  results 
will be retained in the laboratory file to allow reconstruction of the data reduction 

process a t  a later date. Copies of these records will be provided to the Rockwell In- 
ternational CEARP Manager on request. 

1.8.3. Data Review 

System reviews will. be performe ab all levels. The individual analyst will re- 

view the quality of data through calibration checks, quality control sample results, 

and performance evaluation samples. These reviews will be performed prior to sub- 

mission of data to the laboratory management. 

Laboratory management will review data for  consistency and validity to de- 

termine if program requirements have been satisfied. Selected hard copy output of  

data (chromatograms, spectra, etc.) will be reviewed to ensure that results are  inter- 

preted correctly. Unusual or unexpected results will be reviewed, and a resolution 

will be made as to whether the analysis should be repeated. In addition, laboratory 

management, will recalculate selected results to verify the calculation procedure. Any 
abnormalities will be brought to the attention of the Rockwell International CEARP 

Manager. 
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The  Quality Assurance Off icer  will independently conduct a complete review 

of results f rom randomly selected samples to determine if laboratory and program 

qual i ty  assurance/quality control requirements have been met. Deviations from re- 

quirements will be reported to the laboratory management and  Rockwell International 

CEARP Manager for  resolution. 

Non-routine audi ts  may be performed. 

1.8.4. Data Resorting 

Reports will contain f ina l  results (uncorrected f o r  blanks and  recoveries), 

methods of analysis, levels of detection, surrogate recovery data ,  and  method blanks 

data. In addition, special analytical problems, and/or  any  modifications of  refer-  

enced methods will be noted. The  number of significant figures reported will be con- 

sistent with the limits of uncertainty inherent in the analyt ical  method. Conse- 

quently, most analyt ical  results will be reported to no more than two (2) significant 

figures. 

Data  will be reported in units commonly used f o r  the analyses performed. 

Concentrations in  liquids will be expressed in  terms of weight per un i t  volume (e.g.. 

milligrams per liter). Concentrations in solid or  semi-solid matrices will be expressed 

in  terms of weight per un i t  weight of sample (e.g., micrograms per grams). 

Reported detection limits will be those specified by the analyt ical  method. 

1.8.5. Data Archiving 

The  laboratory will maintain on f i le  a l l  of the raw da ta  (including calibration 

data), laboratory notebooks, and  other  per t inent  documentation. This  f i le  will be 

maintained a t  the laboratory fo r  a period of time consistent with Rocky Flats Plant’s 

requirements. At  the end  of that  time frame, a l l  these records will be given to Rocky 

Flats  Plant. 
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2. PERFORMANCE AND SYSTEM AUDITS 

Quality assurance audits wil l  be conducted. System audits will be conducted at 

random, unscheduled intervals a t  least annually. 

Audits will be planned, organized, and clearly defined before they are initi-  

ated. Auditors will identify nonconformances or deficiencies. These will be reported 

and documented so that corrective actions can be initiated through appropriate chan- 

nels. Corrective actions will be followed up with a compliance review. A report on 

each audit will be sent to the Rockwell International CEARP Manager. 

2.1. FIELD AUDITS 

Unannounced f ield audits, investigating conformance with QA/QC procedures, 

will be performed. A typical checklist f o r  this type o f  audit is shown in Table A-1. 

A written report on the results o f  this audit will be submitted to the Rockwell Inter- 

national CEARP Manager. 

2.2. CORRECTIVE ACTION 

A f t e r  each audit,  auditors will identify nonconformances in a written noncon- 

formance notice and initiate corrective action through the Rockwell International 

CEAWP Manager. The nonconformance notice will describe any n o n ~ o ~ ~ o r ~ i n ~  con- 
ditions and set a date f o r  response and Corrective action($). The  Subcontractor 

Project Manager will prepare a written proposal for corrective action f o r  review and 

approval by the Rockwell International CEARP Manager. When approved, the pro- 

posed corrective action(s) will be implemented. Follow-up review will be performed 

by the auditor to conf i rm that the corrective actions have been implemented. 
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Table A.l .  Field Audit 

Project Site Manager 

Site Location Field Team Leader 

Auditor Date 

* Yes N C mmen Documentation 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

10. 

11. 

Was a site-specific sampling 
and analytical plan followed? 

Was a field team leader 
appoint e d? 

Was the site health and safety 
coordinator present? 

Were field team members famil- 
iar with the sampling plan? 

Was a briefing held offsite, 
before any site work was begun, 
to acquaint personnel with 
sampling equipment and assign 
field responsibilities? 

Was the daily briefing and 
safety check conducted? 

Was a completed "Site Person- 
nel Protection and Safety Eval- 
uation Form" read and signed 
by all visitors and personnel 
entering the site? 

Was a field notebook assigned 
to the field team leader? 

Were entries made in the field 
notebook? 

Were sampling stations located 
correct 1 y? 

Did the number and location 
of samples collected follow the 
site-specific sampling plan? 
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Table A.l. (Continued) 

Project Site Manager 

Site Location Field Team Leader 

Auditor Date 

Audit Ouestion Yes No Comment/Documentation 

12. Were samples identified as 
described in the site-specific 
sampling plan? 

13. Were samples collected fol- 
lowing procedures specified in 
the site-specific plan? 

14. Was a chain-of-custody form 
fi l led out for  all  samples col- 
lected? Were al l  sample transfers 
documented? 

15. Were samples preserved as 
specified in the site-specific 
sampling pian? 

16. 

17. 

18. 

19. 

20. 

Were the number, frequency, 
and type of samples (including 
blanks and duplicates) collected 
as described in she ~ i ~ e ~ ~ p e c ~ f ~ ~  
sampling plan? 

Were the number, frequency, 
and type of  measurements and 
observations taken as specified 
in the site-specific sampling 
plan? 

Were blank and duplicate 
samples properly identified? 

Was a record maintained . 
of calibration o f  f ield equip- 
ment? 

Was f ield equipment cal- 
ibrated as required? 
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Table A.1. (Continued) 

Project 

Site Location 

Site Manager 

Field Team Leader 

Auditor Date 

Audit Ouestion Yes No Comment/Documentation 

21. Have any procedures been 
revised? 

22. Are revisions to procedures 
adequately documented? 

23. Was the document log for  
chain-of-custody records and 
other sample t raff ic  control 
forms maintained? 

24. Have any accountable doc- 
uments been lost? 

25. Did drilling and well con- 
struction follow procedures out- 
lined in the sampling plan? 

26. Were the activities being 
conducted compatible with the 
environmental conditions? 
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1. INTRODUCTION 

CEARP Phase 2 Confirmation consists of CEARP Phase 2a, Monitoring Plan, 

and CEARP Phase 2b, Site Characterization (Remedial Investigation). The Monitoring 

Plan typically consists of f ive parts: Synopsis, Sampling Plan, Technical Data Man- 

agement Plan, Health and Safety Plan, and Quality Assurance/Quality Control Plan. 

Because of the Compliance Agreement by the State of Colorado, Environmental Pro- 
tection Agency, and Department of Energy (DOE), this Monitoring Plan also includes 
a Feasibility Study Plan. This Feasibility Study Plan is tiered to the CEARP Phase 3 

Technological Assessment Plan, Appendix A, that was released to the public in draf t  
form in August 1986. 

CEARP uses a three-tiered approach in the preparation of monitoring plans: 
the CEARP Generic Monitoring Plan (CGMP), the Installation Generic Monitoring 

Plan (IGMP), and the Site-Specific Monitoring Plans (SSMPs). This IGMP is the Com- 
prehensive Source and Plume Characterization Plan required by the Compliance 
Agreement. Therefore, the acronym used to refer to this monitoring plan is 
IGMP/ CS P CP. 

Because CEARP is the program by which DOE-Albuquerque Operations Office 

is addressing both CERCLA and RCRA continuing release sites a t  its installations, 
CEARP terminology will be used in preparing the CEARP Phase 3 Technological As- 

sessment reports following the guidance provided in this Feasibility Study Plan. This 
will provide uniformity within the DOE-Albuquerque Operations Office envi- 

ronmental compliance program and allow one document to serve both CERCLA and 

RCRA continuing release requirements including additional provisions of the Super- 

fund  Amendments and Reauthorization Act of 1986 (SARA) as appropriate. 

This document provides a work plan for  conducting CEARP Phase 3 technolog- 

ical assessments (feasibility studies) a t  Rocky Flats Plant. In addition, i t  contains a 

plan (Appendix B) for performing risk/endangerment assessments as required by the 

Compliance Agreement. This Risk/Endangerment Assessment Plan addresses both 

public health and environmental concerns, following guidance provided in the 

CEARP Phase 3 Technological Assessment Plan (Appendix A), which incorporates por- 

tions of EPA’s Handbook: Remedial Action at Waste Disposal Sites (€PA 1985b). 
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CEARP-  Phase 1 identified approximately 70 sites or groupings of sites that 

could have potentially adverse impacts on the environment (DOE 1986b). Additional 

data were collected during preparation o f  the R C R A  Part B Operating Permit Appli- 
cation that identified several additional potential sites (DOE 1986f). Appendix 1 o f  

the R C R A  Part B Operating Permit Application contains a preliminary list o f  haz- 

ardous and radioactive mixed waste units, identified solid waste management units, 
and C E R C L A  areas as required by the Compliance Agreement. All o f  these units or 

areas were assigned a solid waste management unit identification number to assist 

with future planning. The  Compliance Agreement stipulates that C E A R P  Phase 3 

technological assessments (feasibility studies) will  be prepared as appropriate. This  

will be done; however, some solid waste management units are being closed under 

RCRA.  T h e  C E A R P  Phase 3 technological assessments (feasibility studies) for  these 

solid waste management units will be limited to the provisions o f  the R C R A  Post Clo- 

sure Care Permit Application (DOE 1986s). 

As stated in the C E A R P  Phase 3 Technological Assessment Plan (Appendix A), 

C E A R P  Phase 2b  site characterizations (remedial investigations) and C E A R P  Phase 3 

technological assessments (feasibility studies) are interdependent. Activities making 

up these two phases will be performed concurrently to the greatest extent possible. 

C E A R P  Phase 2b  site characterizations (remedial investigations) will provide the data 

base f o r  performing C E A R P  Phase 3 technological assessments (feasibility studies). 

During C E A R P  Phase 3, alternative remedial actions will be developed and evaluated 

in terms o f  cost, feasibility of ~ ~ o ~ o ~ ~ ~  engineering, extent of protection to public 

health and the environment, and environmental impacts during or remaining a f ter  

implementation. 

T h e  E P A  has provided guidelines f o r  preparing C E A R P  Phase 3 technological 

assessments (feasibility studies) in Guidance on Feasibility Studies Under CERCLA 
(EPA 1985a), which are  incorporated in the C E A R P  Phase 3 Technological Assessment 

Plan (Appendix A), as appropriate. T h e  guidelines for  detailed evaluations o f  alter- 

natives and selection of recommended actions are intended f o r  sites that fall  under 

C E R C L A  feasibility study requirements. Similar evaluations will be implemented on 

a site-by-site basis f o r  C E A R P  sites a t  Rocky  Flats Plant not meeting C E R C L A  feasi- 

bility study requirements, e.g., inactive waste areas that do not meet the threshold for  

being listed on the National Priorities List (NPL) and R C R A  solid waste management 
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units. Solid waste management units evaluated under CEARP Phase 3 technological 

assessments (feasibility studies) must also meet appropriate requirements under 

RCRA, including the 1984 RCRA Hazardous and Solid Waste Amendments (HSWA). 

These amendments established broad authorities in the RCRA program to require cor- 

rective action for  releases of hazardous wastes and constituents a t  RCRA-regulated 

facilities. These authorities include: 

- corrective action for continuing releases (3004[u]), 
- interim/status corrective action orders (3008[h]), and 
- corrective action beyond the facility boundary (3004[v]). 

EPA is developing a phased process for  implementing the corrective action 

provisions of the 1984 RCRA Hazardous and Solid Waste Amendments that consists of 

preliminary assessments/site investigations, remedial investigations, and implementa- 

tion of corrective measures. The phased approach used by CEARP for both CERCLA 

and RCRA continuing release sites a t  DOE-Albuquerque Operations Off ice installa- 

tions is consistent with EPA guidance. 
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2. REMEDIAL RESPONSE OBJECTIVES 

The objectives of the CEARP Phase 3 technological assessments (feasibility 
studies) at Rocky Flats Plant are to develop plans for remedial actions by proposing 

and assessing alternative technologies and approaches to eliminate or control envi- 
ronmental problems characterized by the CEARP Phase 2b site characterizations 
(remedial investigations). The remedial actions will be defined according to the na- 
ture of the site and will address the necessity of source control measures (designed to 
prevent or minimize migration of hazardous substances from the source) and/or man- 
agement-of-migration measures (designed to mitigate the impact of contamination that 

has migrated into the environment), 

The guidelines that will be used to develop and screen alternative remedial ac- 

tions are presented in detail in Sections 3 and 4, and those for detailed analysis of the 
alternatives are presented in Section 5. The framework for  alternative remedial ac- 

tion selection is as follows: 

- a technical analysis of the alternative approaches in terms of per- 
formance, reliability, ease of implementation, and safety; 

- an  institutional analysis of the alternative remedial actions in terms 
of federal, state, or local standards, advisories, or guidelines that 
must be obtained or  considered to protect public health and welfare, 
and the environment; 

- an  evaluation of public health exposure; 

- an  environmental analysis of alternative remedial actions; and 

- a cost analysis of alternative remedial actions. 

The CEARP Phase 3 technological assessment (feasibility study) will be inte- 

grated with the CEARP Phase 2 site characterizations (remedial investigations) to en- 

sure that alternatives are formulated and evaluated using site information. CEARP 

Phase 3 technological assessment (feasibility study) reports will provide documenta- 

tion for  Phase 3 of DOE CERCLA (DOE 5480.14), two remedial planning program el- 

ements of  EPA CERCLA (Feasibility Study and Remedial Action Selection), and re- 
medial investigations under the 1984 RCRA Hazardous and Solid Waste Amendments. 
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3. PRELIMINARY ALTERNATIVE REMEDIAL ACTIONS DEVELOPMENT 

As previously stated, the first step of the CEARP Phase 3 technological assess- 

ments (feasibility studies) will be to identify general response actions for each site. 

This will be accomplished by a technology identification and screening procedure that 

consists of three steps: 

1. Identifying CEARP sites and associated problems, including path- 
ways for migration of contamination (CEARP Phases 1 and 2). 

2. Identifying general response actions that address site problems and 
meet clean-up goals and objectives (CEARP Phase 3). 

3. Identifying possible technologies in each general response action, and 
screening the technologies to eliminate inapplicable and infeasible 
technologies based on site conditions (CEARP Phase 3). 

Developing and screening technologies (and alternatives) is an iterative process 

taking place in CEARP Phases 2 and 3. This process will begin during Phase 2 site 

characterizations (remedial investigations) to define the field data and pilot study 

requirements of specific technologies and alternative remedial actions. As more site 

data are collected, existing technologies and alternative remedial actions may be 

rescreened, or additional remedial actions developed, to better address the revised 

objectives resulting from a refined understanding of the site. 

3.1. ALTERNATIVE REMEDIAL ACTION IDENTIFICATION 

Alternative remedial actions will be identified that f i t  into one of the four 

general categories listed in the CEARP Ph se 3 Technological Assessment Plan 

(Appendix A) and taken from the National Contingency Plan. These categories are as 

follows: 1 
TSCA, CWA, CAA, 

- Alternative 

- Alternative remedial actions that applicable Federal and State 
public health or environmental 
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- A "no action" alternative. 

Several potential alternative remedial actions have been identified for sites a t  

Rocky Flats Plant. They are listed in Table 3.1. The list of potential alternative re- 

medial actions may change or combinations of two or more be used at  one site. These 

determinations will be made as data from the site characterizations (remedial investi- 

gations) become available. The list of general response actions is adapted from EPA's 

"Guidance on Feasibility Studies under CERCLA," (EPA 1985a). Two alternatives, al- 

ternate water supply and relocation of potentially affected populations, have been 
eliminated for the present because the preliminary assessment (CEARP Phase 1) found 

that the concentrations of hazardous constituents outside the installation boundaries 
were below EPA guideline concentrations (DOE 1986b). 

Remedial technologies that will be used for developing response actions are 

listed in Table 3.2, which is taken from the CEARP Phase 3 Technological Assessment 

Plan (DOE 1986d). As information from the site characterizations (remedial investi- 

gations) becomes available, i t  will be reviewed to determine if conditions exist that 

limit or promote the use of certain remedial technologies. The alternatives will be 

evaluated singly or in combination, and additional alternatives may be identified. 

3.2. IDENTIFICATION OF POTENTIAL OPERABLE UNITS 

The solid waste management units a t  Rocky Flats Plant will be combined, as 

appropriate, for the necessary CEA P Phase 2b site ~ ~ ~ ~ ~ ~ ~ e ~ ~ z ~ t ~ o ~ ~  (remedial inves- 
tigations). Initially, these groupings sf solid waste management units will be treated 

as independent areas when considering remedial actions. However, in some cases, the 
individual solid waste management units will contain different constituents. 

Remedial actions that address individual solid waste management units may be ap- 

propriate. 

An operable unit is defined by EPA as "a discrete part of a remedial action 
that can function independently as a unit and  contributes to preventing or minimiz- 

ing a release or threat of release" (EPA 1985a). Individual operable units will be 

considered if the remedial action is compatible with the long-term solutions under 

consideration for  Rocky Flats Plant. Individual operable units will also be considered 

if there is an  immediate threat to human health or the environment. 
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Table 3.1. - General Response Actions and Associated Remedial Technologies 

General Response 
Action 

No Action 

Containment 

Pumping 

Collection 

Diversion 

Complete Removal 

Partial Removal 

Onsite Treatment 

Offsite Treatment 

-- In Situ Treatment 

Storage 

Onsite Disposal 

Offsite Disposal 

Source: EPA 1985a 

Twica l  Technolopies 

Some monitoring and analyses may be 
performed. 

Capping; groundwater containment 
barrier walls; bulkheads; gas barriers. 

Groundwater pumping; liquid removal; 
dredging. 

Sedimentation basins; French drains; 
gas vents; gas collection systems. 

Grading; dikes and berms; stream 
diversion ditches; trenches; terraces 
and benches; chutes and downpipes; 
levees; seepage basins. 

Tanks; drums; soils; sediments; liquid 
wastes; contaminated structures; sewers 
and water pipes. 

Tanks; drums; soils; sediments; liquid 
wastes. 

Incineration; solidification; land 
treatment; biological, chemical, and 
physical treatment. 

Incineration; biological, chemical, and 
physical treatment. 

Permeable treatment beds; bioreclama- 
tion; soil flushing; neutralization; land 
farming. 

Temporary storage structures. 

Landfills; land application. 

Landfills; surface impoundments; land 
application. 
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Table 3.2. Remedial Technologies 

.A. Air  Pollution Controls 

-- Capping: 

- Clay 
- Asphalt 
- Multimedia cap 
- Concrete 
- Chemical sealants/stabilizers 

-- Dust Control Measures: 
- Chemical fixatives 
- Water 

- Synthetic membranes 

B. Surface Water Controls 

-- Capping (see A) 
-- Grading: 

- Scarification 
- Tracking 
- Contour furrowing 

-- Revegetation: 
- Grasses 
- Legumes 
- Shrubs 
- Forbs 
- Trees 

-- Diversion and Collection Systems: 
- Dikes and berms 
- Ditches and trenches 
- Terraces and benches 
- Chutes and ~ ~ w ~ p ~ ~ ~ ~  - Seepage basins - Sedimentation basins and ponds - Levees 
- Addition of freeboard 
- Floodwalls 
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Table 3.2. (Continued) 

Leachate and Groundwater Controls 

-- Capping (see A) 
-- Containment Barriers: 

Function Options: 
- Downgradient placement 
- Upgradient placement 
- Circumferential placement 
Material and Construction Options (vertical barriers): 
- Soil-bentonite slurry wall 
- Cement-bentonite slurry wall 
- Vibrating beam 
- Grout curtains 
- Steel sheet piling 
Horizontal Barriers (bottom sealing): 
- Block displacement 
- Grout injection 
- Liners 

-- Groundwater Pumping (generally used with capping and 
treatment): 

Function Opt ions: 
- Extraction and injection 
- Extraction alone 
- Injection alone 
Equipment and Material Options: 
- Well points 
- Deep wells 
- Suction wells 
- Ejector wells 

- French drains 
- Tile drains 
- Pipe drains (dual medial drains) 

-- Subsurface Collection Drains: 

D. Gas Mieration Controls (eenerallv used with treatment) 

-- Capping (gas barriers) (see A) 
-- Gas Collection and/or Recovery: 

- Passive pipe vents 
- Passive trench vents 
- Active gas collection systems 
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Table 3.2. (Continued) 

Excavation and Removal o f  Waste and Soil 

-- Excavation and Removal: 
- Backhoe 
- Cranes and attachments 
- Front-end loaders 
- Scrapers 
- Pumps 
- Industrial vacuums 
- Drum grapplers 
- Forklifts and attachments 

-- Grading (see B) 
-- Capping (see A) 
-- Revegetation (see B) 

F. Removal and Containment of Contaminated Sediments 

-- Sediment Removal: 
Mec h a n ica 1 Dredging: 
- Clamshell 
- Dragline 
- Backhoe 
Hydraulic Dredging: 
- Plain suction 
- Cutterhead 
- Dustpan 
Pneumatic Dredging: 
- Airlif t  
- Pneuma 
- Oozer 

- Curtain barriers 
- Coffer dams 
- Pneumatic barriers 
- Capping 

-= Sediment Turbidity Controls and C o ~ t ~ ~ n m e ~ ~ :  

G. In Situ Treatment 

-- Chemical Treatment 
-- Soil Aeration 
-- Solvent Flushing 
-- Bioreclamation 
-- Permeable Treatment Beds- 
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Table 3.2, (Continued) 

Direct Waste Treatment 

-- Incineration: 
Rotary kiln 
Fluidized bed 
Multiple hearth 
Liquid injection 
Molten salt 
High temperature fluid wall 
Plasma arc pyrolysis 
Cement kiln 
Pyrolysis/starved combustion 
Wet air  oxidation 
Industrial boiler or furnace 

-- Gaseous Waste Treatment: 
- Activated carbon 
- Flares 
- Afterburners 

Biological Treatment: 
- Activated sludge 
- Trickling filters 
- Aerated lagoons 
- Waste stabilization ponds 
- Rotating biological disks 
- Fluidized bed bioreactors 
Chemical Treatment: 
- Neutralization 
- Precipitation 
- Oxidation 
- Hydrolysis 
- Reduction 
- Chemical dechlorination 
- Ultraviolet/ozonation 

-- Treatment of  Aqueous and Liquid Waste Streams: 

Physical Treatment: 
Flow equalization 
Flocculation 
Sedimentation 
Activated carbon 
Oil adsorption media 
Ion exchange 
Reverse osmosis- 
Liquid-liquid extraction 
Oil-water separator 
Steam distillation 
Air stripping 
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Table 3.2. (Continued) 

- Steam stripping 
- Filtration 
- Dissolved air  flotation 
Discharge to Publicly-Owned Treatment Works 

-- Handling and Treatment o f  Solids: 
Dewatering: 
- Screens, hydraulic classifiers, scalpers 
- Centrifuges 
- Gravity thickening - Flocculation, sedimentation 
- Belt f i l ter  presses 
- Drying or dewatering beds 
- Vacuum-assisted drying beds 
Treatment: 
- Neutralization 
- Solvent - Oxidation 
- Reduction 
- Composting 

- Cement-based - Lime-based - Thermoplastic 
- Organic polymer 
- Self -cementing techniques 
- Surface encapsulation 
- G a s i f i c a t i o n  - Solidification (i.e*, to fly ash, polymers, sawdust) 

-- Solidification, Stabilization, or Fixation: 

I. Land DisDosal Storage 

0- Landfil ls  
-- Surface Xmpoundments 
-- Land Application 
-- Waste Piles 
-- Deep Well Injection 
-- Temporary Storage 

J. Contaminated Water Suoolies and Sewer Lines 

-- - In situ Cleaning 
-- Removal and Replacement 
-- Alternative Drinking Water Supplies: 

- Cisterns or tanks 
- Deeper or upgradient wells 
- Municipal water systems 
- Relocation o f  intake 

-- Individual Treatment Units 
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4. ALTERNATIVE REhlEDIAL ACTION SCREENING 

As stated in the CEARP Phase 3 Technological Assessment Plan (Appendix A),  

the alternative remedial actions identified will be screened to narrow the range of po- 

tential considerations. The factors considered when screening include technical feasi- 

bility and reliability, performance criteria related to environmental and public health 

and safety, and cost of implementation and operation. Security requirements may 

make a remedial action a t  a site impractical or difficult  to implement. Therefore, in 

those areas where security is a concern, security requirements will drive the screening 

process. 

The screening process will eliminate remedial actions that a r e  not technically 

feasible, that  do not adequately protect public health and welfare and the environ- 

ment, or that are  more costly and yet do not provide significantly greater protection. 

The rationale fo r  excluding each inadequate remedial action will be documented. 

In some situations, screening may eliminate all remedial actions in one of the 

four  categories listed in Section 3.1, "Alternative Remedial Action Identification." If 

this occurs, a t  least one remedial action fo r  the category that was eliminated will be 

included in  the Technological Assessment (Feasibility Study) Report described in 

Section 7 with a n  explanation as to why it  was eliminated a t  the screening stage. 

4.1. TECHNICAL FEASIBILITY SCREENING 

Remedial actions will be evaluated based on performance, reliability, and im- 
plementability. Remedial actions that a r e  not based on proven technology or are  not 

compatible with site and waste source conditions, including those that might be diff i -  

cult to construct under existing site conditions, will be eliminated. Innovative 

technologies will be considered if they are  based on sound principles. 

4.2. ENVIRONMENTAL, PUBLIC HEALTH, AND INSTITUTIONAL SCREENING 

The purpose of  this screening criteria is to eliminate alternatives that do not 

adequately protect the environment or public health and welfare. Remedial actions 

will be evaluated to see if implementation may cause a threat to public health or the 

environment (e.g., possible exposure from contaminated soil associated with excava- 
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tion activities). Remedial actions will also be reviewed to assess the effect that com- 

pliance with institutional issues will have on the implementation of that alternative. 

4.3. COST SCREENING 

Following the guidance provided in the CEARP Phase 3 Technological 
Assessment Plan (Appendix A), costs for implementing the various remedial actions 
will be developed and cost screening conducted after the technical feasibility and en- 
vironmental/public health/institutional screenings have been performed. 

Screening of remedial action costs will be based on both capital and  operating 

and maintenance (O&M) costs. These costs will be estimated using the following re- 

sources: 

- Remedial Actions Cost Compendium (ELI 1984); 

- Handbook: Remedial Action at Waste Disposal Sites (EPA 1985b); 

- Rocky Flats Plant Cost Estimating Group; and 

- Standard cost indices. 

After developing screening cost data, a present worth analysis will be per- 

formed. Details on methods and Procedures to be used for  cost estimation and  present 

worth analysis are discussed in Section 5.2 of the CEARP Phase 3 Technological 

Assessment Plan (DOE 119868) and in the EPA Remedial Action Costing Procedures 

Manual (EPA 11983), 

Remedial actions with excessive costs that  do not provide significantly greater 

protection to the environment or public health and welfare will be eliminated. 

Remedial actions that are found to be more expensive but that offer  substantially 
greater environmental or  public health and welfare benefits will remain under con- 

sidera tion. 
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5. REMEDIAL ACTION ANALYSIS 

5.1. DETAILED DEVELOPMENT OF FEASIBLE REMEDIAL ACTIONS 

The remedial actions that remain after the initial screening will  be further de- 
veloped, following the guidance provided in the CEARP Phase 3 Technological As- 

sessment Plan (Appendix A). The description developed may include, but will not be 
restricted to, the following: 

- a description of appropriate treatment and disposal technologies, as 
well as any required permanent facilities; 

- specific engineering considerations required to implement the reme- 
dial action (e.g., pilot treatment facilities, and  additional studies 
needed to proceed with final remedial action design); 

- environmental impacts and proposed methods for  mitigating any ad- 
verse effects; 

- operation and maintenance/monitoring requirements of the com- 
pleted remedy; . 

- offsite disposal needs and transportation plans; 

- requirements for safety plans to be followed during remedial action 
implementation (including both onsite and offsite health and safety 
considerations); 

- a description of how the remedial action may be segmented to allow 
staged implementation. Both staging and segmenting options will be 
developed in close consultation with the €PA and Colorado Depart- 
ment of Health (CDH); 

- a review of any offsite treatment or disposal facilities to ensure 
compliance with applicable CERCLA and/or RCRA requirements 
and €PA policy; 

- a determination of what permits would be necessary for each alter- 
native identified and what information is necessary for issuance of 
these permits; 

- the extent to which- the remedial actions meet technical requirements 
and standards o f  appropriate environmental regulations: this infor- 
mation should be arrayed so that differences among the remedial ac- 
tions, in terms of how they satisfy such standards, are readily appar- 
ent. The kinds of standards applicable a t  the site may include: (1 )  
CERCLA and/or RCRA design and operating standards, (2) drinking 
water standards, and (3) environmental discharge standards; and 
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- community effects:  T h e  types o f  information that should be pro- 
vided include ( 1 )  the extent to which implementing a remedial action 
would disrupt the community (e.g., t ra f f i c ,  temporary health risks, 
and reiocation) and (2) the likely public reaction. 

5.2. TREATABILITY S T U D I E S  

Laboratory and bench scale treatability studies may be necessary to establish 
the effectiveness o f  the remedial actions and to develop engineering criteria. A de- 

tailed plan for treatability studies will be prepared as  needed on a site-specific basis 

and incorporated into the CEARP Phase 3 technological assessments (feasibility stud- 
ies) as appropriate. 

Several treatability studies have already been performed on soil decontamina- 

tion methods a t  R o c k y  Flats  Plant. T h e  studies available are as follows: 

- Soil Decontamination a t  Rockv Flats  (Olsen e t  al. 1980) 

- Sebaration o f  Transuranic Radionuclides f rom Soil bv Vibratorv 
Grinding (Stevens et al. 1982a) 

- Comuarative Scrub Solution Tests f o r  Decontamination o f  Trans- 
uranic Radionuclides from Soils (Stevens et  al. 1982b) 

- W{f 
Denitrification$ (Johnson et  al. 1986). 

5.3, REMEDIAL ACTION ASSESSMENT 

Remedial actions will be evaluated in detail  on the basis of  technical feasibil-  

ity,  protection afforded to public health and the environment, institutional require- 

ments, and cost. T h e  major concern in a detailed evaluation o f  remedial actions i s  

that the remedial action be appropriate to site conditions. 

5.3.1. Technical Analvsis 

T h e  technical analysis wilt include an  evaluation o f  the performance o f  the 

remedial action, its reliability,  its implementability in terms o f  demonstrated success 
a t  a similar site o r  on a research and development basis, and the effectiveness o f  the 

option in achieving safety requirements. 
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Remedial actions will be evaluated in terms of performance. Any special site 

or waste conditions that affect  performance will be considered, and  the preliminary 

design will be tailored to accommodate those conditions. The evaluation will also 

consider the effectiveness of combining technologies. 

Each remedial action will also be evaluated in  terms of the projected service 

life of its component technologies. Resource availability in the fu tu re  l ife of the 

technology, as well as the appropriateness of the technology, will be considered in es- 

timating the useful l ife of the project. 

The  cost to install and operate remedial actions coupled with the need to pro- 

tect public health and the environment make reliability a serious concern. Technolo- 

gies that  require frequent or complex operations and maintenance activities will be 

regarded as less reliable than technologies requiring little or straightforward opera- 

tion and  maintenance. 

The technical analysis of remedial actions will not be based on the presumed 

performance of untested methods. An estimate of the probability of failure, in either 

qualitative or quantitative terms, will be made for each component technology and 

for  the complete alternative. Preference will be given to technologies that have 

proven effective under waste and site conditions similar to those anticipated. How- 

ever, innovative or advanced technology will be evaluated as an  alternative to con- 

ventional technology, if appropriate. If such technology is  included in  suggested re- 

medial actions, information f rom research supporting its use and  expected reliability 

will be documented. 

Each remedial action will be evaluated with regard to safety. This evaluation 

will include short-term and  long-term threats to the safety of nearby workers, resi- 

dents, and  environs, as well as threats to workers during implementation. Major risks 

that will be considered a re  fire, explosion, and  exposure to hazardous substances re- 

sulting f rom both onsite and  offsite work while the remedial action is being imple- 

mented. 
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5.3.2. Risk/Endanmrment Assessment 

Appendix B is the risk/endangerment assessment required by the Compliance 

Agreement. K e y  components o f  the risk/endangerment assessment are outlined in the 

CEARP Phase 3 Technological Assessment Plan (Appendix A) and are  summarized 

here. 

Using the "no action" alternative as a baseline, a comparative analysis will be 
performed on the other remedial actions. This  analysis will include an  evaluation o f  

the extent to which the remedial actions can be expected to mitigate, minimize dam- 

age to, and protect public health and welfare,  and the environment. T h e  evaluation 

will include an analysis o f  the extent and duration o f  exposure to contaminants and a 

comparison o f  contaminant concentrations to appropriate ambient standards and cri-  

teria. Certain actions may not necessarily produce a reduction in risk, particularly 

during the short-term remedial action period (e.g., removal and offsite  disposal of 

contaminated soils may create an  additional exposure pathway). 

T h e  environmental assessment will address both the long-term and short-term 

e f fec ts  o f  the remedial action under consideration. T h e  level o f  detail  will depend on 

the degree o f  potential impact. 

T h e  public health evaluation will consist o f  the following: 

- a baseline site evaluation to provide a preliminary assessment o f  the 
public health risks, 

- an  exposure assessment to analyze the extent and duration o f  human 
exposure to site contaminants in the absence o f  remedial action; 

- a standards analysis to compare projected environmental concentra- 
tions to appropriate ambient standards or criteria;  and 

- an  evaluation to assess the short- and long-term e f fec ts  and the e f f i -  
c iency o f  the proposed remedial action with respect to removal or 
mitigation exposures identified during the exposure assessment. 

5.3.3. Institutional Analvsis 

This  analysis will entail  an  evaluation o f  the e f f e c t  o f  permit requirements, 

regulatory agency acceptance, and government infrastructure requirements on imple- 

mentation o f  the remedial action. 
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6. COMPARATIVE EVALUATION O F  ACCEPTABLE ALTERNATIVES 

Following guidance provided in the CEARP Phase 3 Technological Assessment 

Plan (Appendix A), a comparative evaluation of acceptable remedial actions will be 
performed. This evaluation will include developing the relative importance of both 

cost and  noncost criteria. Based on these factors and the alternative assessments, each 

remedial action will be ranked so that key differences will be evident. Remedial ac- 

tions that attain or exceed the requirements of applicable environmental regulations 

will be identified. The comparative evaluation will utilize the detailed information 

collected during site characterizations (remedial investigations) and  will support a 

remedial action recommendation. 
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7. CEARP PHASE 3 TECHNOLOGICAL ASSESSMENT 
(FEASIBILITY STUDY) REPORT 

A CEARP Phase 3 technological assessment (feasibility study) report will be 

prepared that will document the remedial actions considered and explain why each 

option was eliminated both in preliminary screening and detailed analysis. A descrip- 

tion of the recommended remedial action will be included that will cover the follow- 

ing: 

- a review of what the remedial action will and will not accomplish; 

- a review of how the remedial action addresses the requirements and 
the intent of the NCP (e.g., placing emphasis on a permanent remedy 
to the identified site problem(s) utilizing innovative technologies); 

- special engineering considerations and special studies needed during 
the final design; 

- operation, maintenance, and monitoring requirements; 

- of fsite disposal needs and transportation plans, if appropriate; 

- temporary storage requirements, if appropriate; 

- regulatory permit requirements, if appropriate; 

- brief descriptions of the environmental and public health problems 
that may be encountered during implementation, and 

- means of mitigating the associated environmental and public health 
problems (and their costs), and how identified/determined environ- 
mental standards are  being met. 

At  a minimum, CEARP Phase 3 reports will follow guidelines presented in 

DOE Order 5480.14 as follows: 

1. Executive Summary 
2. Criteria 
3. Evaluation of Remedial Action Alternatives 
4. Recommended Remedial Action (Project Proposal) 
5. Resource Requirements 
6. Proposed Schedule 

Additionally, CEARP Phase 3 documentation will be responsive to pertinent 

elements of EPA Feasibility Study reporting requirements, This documentation must 

be consistent with requirements under NEPA and other environmental regulations, 
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1. INTRODUCTION 

The  Comprehensive Environmental Assessment and Response Program 

(CEARP) Technological Assessment Plan for  C E A R P  Phase 3 provides generic guid- 

ance and establishes procedures for  implementing Phase 3. Guidance issued b y  the 

U.S. Environmental Protection Agency (EPA) [e.g., Federal Facilities Program Manual 

for Implementing CERCLA Responsibilities of Federal Facilities, final draft (EPA n.d.1 

and Guidance on Feasibility Studies under CERCLA (EPA 1985a)l is incorporated into 

this report. The  purpose o f  C E A R P  Phase 3 is to develop, evaluate, and recommend 

plans f o r  managing hazardous waste sites. Phase 3 actions will be based on 

information obtained during C E A R P  Phases 1 and 2. A site-specific technological 

assessment will be developed for  each individual site (a site or grouping of sites) 
evaluated under C E A R P  Phase 3. 

1.1. BACKGROUND 

Facilities o f  the US. Department of Energy (DOE) are required to operate un- 
der a policy o f  full  compliance with applicable environmental regulations while con- 

ducting their missions. The DOE Albuquerque Operations Of f i ce  (AL) initiated the 

C E A R P  in mid-1984 to help fulf i l l  that commitment a t  installations within the A L  

complex. T h e  C E A R P  will also assist D O E  in setting environmental priorities and 

will help provide justification f o r  funding to carry out enhancements of existing pro- 

grams or remedial actions where required. Implementation o f  C E A R P  will be realized 

by combined forces o f  A L ,  individual D O E  area off ices,  D O E  prime contractors, 

Los Alamos National Laboratory (LANL), and other assistance as found to be 

necessary. 

1.1.1. Authority 

Authority to implement C E A R P  is derived primarily from the following DOE 

and A L  orders: 

- Comprehensive Environmental Response, Compensation, and Liability 
Act  Program (DOE 5480.14); 

- Hazardous, Toxic,  and Radioactive Mixed Waste Management (DOE 
5480.2 and A L  5480.2); 
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- Prevention, Control, and Abatement o f  Environmental Pollution 
(Ch, XI1 o f  DOE 5480.1 and A L  5480.1); 

- Environmental Protection, Safety, and Health Protection Information 
Reporting Requirements (DOE 5484.1 and A L  5484.1); 

- Implementation o f  the National Environmental Policy Act  (DOE 
5440.1C and A L  5440.1B). 

1.1.2. PurDose and ScoDe 

T h e  C E A R P  is a phased program to identify, assess, and correct existing or 

potential environmental problems. The  review covers the major environmental regula- 

tions, such as the Comprehensive Environmental Response, Compensation and Liabil-  

ity Act  (CERCLA),  Resource Conservation and Recovery Act (RCRA) ,  National Envi- 

ronmental Policy Act (NEPA), Clean Air  Act (CAA), Clean Water Act (CWA), Sa fe  

Drinking Water Act  (SDWA), Toxic Substances Control Act (TSCA), Federal Insecti- 

cide, Fungicide, and Rodenticide Act (F IFRA) ,  with emphasis upon C E R C L A  and 

RCRA.  Past, current, and future practices to handle and dispose of hazardous sub- 

stances, as  defined under C E R C L A ,  are evaluated. I n  addition, requirements to con- 

trol environmental pollution and environmental monitoring programs f o r  hazardous 

substances are  evaluated f o r  adequate understanding o f  both pathways and regulatory 

compliance. 

T h e  C E A R P  is being implemented in f ive  phases, 

C E R C L A  Order 5480.14. Additionally, E P A  has prepared 

ities to carry out their responsibilities under CERCLA.  

which exactly parallel DOE 

guidelines for  federal faci l -  

T h e  E P A  has outlined its 

plans and intentions in a series o f  program elements that are organized in a somewhat 

different fashion but constitute the same basic approach as C E A R P  in its Federal Fa- 

cilities Program Manual for implementing CERCLA Responsibilities of Federal Agencies, 

final draft (EPA n,d.). T h e  f ive  C E A R P  phases are linked as indicated in Fig. 1.1. 

C E A R P  includes a review o f  the major federal environmental regulations. T h e  re- 

view serves two primary purposes: (1 )  determines compliance with environmental 

regulations and (2) evaluates the interaction o f  C E R C L A  with other environmental 

regulations, for example, releases permitted under the CWA or CAA and releases ex- 

ceeding reportable quantities under C E R C L A ,  or RCRA-related remedial activities 

, 
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and CERCLA-related remedial activities. 

follows. 

The purpose of individual CEARP phases 

1.2.1. Phase 1 - Installation Assessment 

Phase 1 objectives are to determine present compliance with environmental 

laws and to ascertain the magnitude of potential environmental concerns. Where in- 

sufficient data exist to accomplish this, the additional information necessary to com- 

plete the evaluation will be identified. The CEARP Phase 1 report will provide doc- 
umentation for  Phase 1 of the DOE CERCLA Order 5480.14 and for  the following 

EPA CERCLA preremedial activities: (1) Federal Facility Site Discovery and Identi- 
f ication Findings (FFSDIF) (notification of newly discovered sites, including notif ica- 

tion of negative findings), (2) Preliminary Assessment (PA), (3) Site Inspection (SI), 

and (4) Hazard Ranking System (HRS) evaluation. 

Sites, which may be CERCLA or RCRA continuing release, are indicated for 

no further action when CEARP findings include (1) negative findings for  the 

CERCLA FFSDIF process (for example, potential sites that are found not to exist or 

spills that were removed in the past through remedial action), or (2) sites initially 

requiring notification for the FFSDIF process, but are later found to pose no threat 

of release under DOE CERCLA for  the €PA CERCLA PA process (for example, 

potential sites a t  which the hazardous substance initially identified because of its 

stability no longer persists in the environment). Consequently, sites that  no longer 

pose a threat of release are  not included in the EPA HRS and DOE Modified HRS 
(MHRS). This procedure is consistent with guidance provided to federal facilities by 
EPA in its Federal Facility Program Manual for Implementing CERCLA Responsibilities 

of Federal Agencies, final draft (EPA n.d.). 

Sites requiring evaluation are scored as follows: (1)  nonradioactive sites are 

scored with the EPA HRS and (2) radioactive sites are scored with the EPA HRS and 

the DOE MHRS. Sites meeting EPA criteria for being listed on the National Priori- 

ties List (NPL) are recommended for future  action under DOE CERCLA Program 

Phase 2 to quantify the potential migration problem. This approach is consistent with 

CERCLA. Sites that do not meet EPA criteria to be listed on the NPL but exceed 

other applicable DOE remedial action criteria/guidelines (e.g., guidelines for the DOE 
Surplus Facilities Management Program) and/or sites posing potential concerns about 
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regulatory compliance (e.& RCRA-related remedial activities) are recommended for  

future action under CEARP. No further action is recommended for  sites not meeting 

these criteria. 

1.2.2. Phase 2 - Confirmation 

Phase 2 objectives are to ( 1 )  obtain additional information identified as neces- 

sary during Phase 1, (2) complete an environmental evaluation to confirm the pres- 

ence or absence o f  potential environmental concerns identified in Phase 1, and 

(3 )  plan and carry out measurement and sampling programs as required to understand 

potential sources o f  contaminants and potential environmental pathways. Confirmed 

problems will be assessed f o r  health or environmental risk as a basis f o r  setting prior- 

ities for  remedial action or other follow-up actions. T h e  C E A R P  Phase 2 reports will 

provide documentation f o r  Phase 2 o f  the DOE C E R C L A  Order (CEARP Phase - 2a 

Monitoring Plan and C E A R P  Phase 2b  - Site Characterization) and f o r  two E P A  

C E R C L A  remedial planning program elements (Remedial Investigation Sampling Plan 
and Remedial Investigation). 

1.2.3. Phase 3 - Technological Assessment 

Phase 3 objectives are to develop plans for remedial actions or enhancements 

o f  existing programs by proposing and assessing alternative technologies and ap- 

~ ~ o ~ c ~ ~ s  to eliminate or control ~ ~ ~ ~ r ~ ~ m e ~ t a ~  problems identified as weeding correc- 

tion in C E A R P  Phase 2. T h e  evaluation will include assessing the effectiveness o f  

technology; the impacts on health, safety, and environment; and a cost-benefit analy- 

sis, where appropriate. Phase 3 will include identifying or developing appropriate 

criteria and performing any evaluation o f  environmental impact required by National 

Environmental Policy Act  (NEPA). C E A R P  Phase 3 reports will provide documenta- 

tion f o r  Phase 3 o f  D O E  C E R C L A  and f o r  two remedial planning program elements 

of E P A  C E R C L A  (Feasibility Study and Remedial Action Selection). 

1.2.4. Phase 4 - Remedial Action 

Phase 4 objectives are to implement recommended site-specif ic remedial mea- 

sures identified in Phase 3, which could include engineering design and construction 
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to remedy- or control environmental problems. CEARP Phase 4 will encompass re- 

quirements of  DOE CERCLA Order (Phase 4) and remedial implementation program 

elements of €PA CERCLA (Design and Action). 

1.2.5. Phase 5 - ComDliance and Verification 

Phase 5 objectives are to (1) verify and document the adequacy of remedial ac- 
tions carried out in Phase 4, and (2) identify and plan for any continuing monitoring 

requirements needed to demonstrate control of migration or adequately recognize f u- 

ture concerns. CEARP Phase 5 will encompass requirements of DOE CERCLA Order 

(Phase 5) and €PA Final Site Inspection/Close-out and Monitoring. 
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2. PHASE 3 - IMPLEMENTATION 

2.1. INTRODUCTION 

CEARP Phases 2 and 3 are interdependent. Activities composing these two 

phases should be performed concurrently to the extent appropriate. Phase 2 of 

CEARP provides site characterization data, which serve as the basis for implementing 

CEARP Phase 3 (Technological Assessment). During CEARP Phase 3, alternative re- 

medial actions should be developed and evaluated in terms of cost, feasibility of pro- 

posed engineering, the extent to which each alternative provides protection to public 
health and the environment, and environmental impacts during or remaining af ter  

implementation. The EPA has provided guidelines for  preparing CEARP tech- 

nological assessments in Guidance on Feasibility Studies Under CERCLA (EPA 1985a), 

which is incorporated in Sections 2 through 8 as appropriate. The guidelines for a de- 

tailed evaluation of alternatives and a selection of recommended action are intended 

for  CEARP sites that fall  under CERCLA Feasibility Study requirements. The evalu- 

ation should be implemented on a site-by-site basis for CEARP sites not meeting those 

requirements, e.g., inactive waste areas that do not meet the threshold for being listed 

on the National Priorities List (NPL) and RCRA solid waste management units 

(SWMU). A SWMU is defined as any unit, which a t  a minimum, includes any landfill, 

surface impoundment, waste pile, land treatment unit, ditch, incinerator, tank 

(including storage, treatment, and accumulation tanks), elementary neutralization 

unit, transfer station, and recycling unit that receive, or have received, solid or haz- 

ardous waste a t  any time. SWMUs under CEARP Phase 3 must also meet appropriate 

requirements under RCRA, including the 1984 RCRA Hazardous and Solid Waste 

Amendments (HSWA). HSWA established broad new authorities in the RCRA pro- 

gram to require corrective action for releases of hazardous wastes and constituents at 

RCRA-regulated facilities. These new authorities are: 

- Corrective action for continuing releases [3004 (u)] 
- Interim/status corrective action orders [3008 (h)] 
- Corrective action beyond the facility boundary [3004 (v)]. 

EPA is developing a phased process for implementing the corrective action provisions 

that consists of preliminary assessments/site investigations, remedial investigations 

and implementation of corrective measures. 
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2.2. OVERVIEW OF THE TECHNOLOGICAL ASSESSMENT PROCESS 

T h e  first step o f  Phase 3 is to define the goals and objectives o f  the Techno- 
logical Assessment and identify general response actions for  each site(s). This  step 

wil l  be based on C E A R P  Phase 1 and 2 findings. The  general response actions should 

be defined based on the nature o f  the site and they should address the necessity of 
source control measures (designed to prevent or minimize migration o f  hazardous sub- 

stances from the source) and/or management-of -migration measures (designed to miti- 
gate the impact o f  contamination that has migrated into the environment). The  terms 

"source control" and "management-of-migration" refer  to two general categories o f  re- 

sponse actions that are useful f o r  developing site-specific alternatives. T h e  term 

"onsite response actions" refers both to source control and management-of -migration 
measures. 

Section 3 o f  this Technological Assessment Plan identifies technologies within 

the general response categories that will be screened for  their technical applicability. 

Guidelines for developing and screening alternative approaches are  presented in de- 

tail  in Sections 4 and 5 and those for  detailed analyses o f  the alternatives are  pro- 

vided in Section 6. T h e  framework f o r  an analysis necessary to select the most ap- 

propriate alternative follows: 

- A technical analysis o f  the alternative approaches in terms of per- 
formance, reliability, ease to implement, and safety; 

- An institutional analysis o f  the alternatives in terms of the federal, 
state, or local standards, advisories, or guidelines that must be at- 
tained or  considered to protect public health, and welfare, and the 
environment; 

- An evaluation o f  public health exposure; 

- An environmental analysis o f  alternatives; 

- A costs analysis o f  alternatives. 

Guidelines are  provided f o r  the comparative analysis o f  alternatives and for a n  

identification of the recommended remedial action in Sections 7 and 8. A list of 

guidance documents is provided in Section 10 (Bibliography). 
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2.3. D 0 C U ME N T A T I 0 N A N D R E P 0 R T I N G R E Q U I R E MEN TS 

Documentation and reporting under CEARP will follow the guidelines set 
forth in DOE Order 5480.14 (CERCLA Implementation). Additionally, they should be 

responsive to EPA guidance as appropriate for reporting under CERCLA and for 

remedial investigations and corrective measures under RCRA at  continuing release 
sites. 

Programs (including public relations) should be implemented by AL installa- 

tions to ensure to the extent practical that remedial actions pursuant to Sections 104 

and 106 of CERCLA and other CEARP activities meet the functional equivalent of 
NEPA as specified in the EPA guidance documents Federal Facilities Program M a n i d  

fo r  Implementing CERCLA Responsibilities o f  Federal Facilities, f inal dra f t  (€PA n.d.1 

and Guidance on Feasibility Studies Under CERCLA (EPA 1985a). The focus o f  

CEARP is broader than that of CERCLA, for example, i t  includes RCRA continuing 

release sites and activities under the DOE Surplus Facilities Management Program, 

which may not meet criteria established for  implementing CERCLA remedial 
activities. Therefore, implementation of programs designed to meet the functional 

equivalent of NEPA and comply with NEPA (e.g., the DOE-equivalent of a memo-to- 
fi le for clearly insignificant activities, an environmental assessment, and an  envi- 

ronmental impact statement) will be established on a site-by-site basis. CEARP 

NEPA-related documentation and documentation for other environmental 

requirements, such as, floodplain/wetland involvement, should be consistent with the 

guidance provided in DOE Order 5440.1C and AL Order 5440.1B (Implementation of 

the National Environmental Policy Act) and the DOE Environmental Compliance Guide 

(DOE 198 1). This includes coordination with appropriate parties and public hearings. 

Appropriate coordination with federal agencies, as specified under CERCLA, the 

National Contingency Plan (NCP), and Executive Order 12316, should be imple- 

mented. Additional details/guidelines for establishing public relations programs 

(including public hearings) and meeting the functional equivalent of NEPA are 

provided in Section 6. To provide uniformity LANL will complete CEARP Phase 3 

Technological Assessment reports for AL. 
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2.3.1. Docurnentation for CEARP Phase 3 - Technological Assessment 

At a minimum, C E A R P  Phase 3 reports will follow guidelines presented in 

DOE Order 5480.14 as follows: 

1. Executive Summary 
2. Criteria 
3. 
4. 
5. Resource Requirements 
6. Proposed Schedule 

Evaluation o f  Remedial Action Alternatives 
Recommended Remedial Action (Project Proposal) 

Additionally, C E A R P  Phase 3 documentation should be responsive to pertinent ele- 

ments o f  the E P A  Feasibility Study reporting requirements (Table 2.1). Documenta- 

tion must also be consistent with requirements under NEPA and other environmental 

regulations, D O E  Order 5440.1C and A L  Order 5440.1B, and the D O E  Environmental 

Compliance Guide (DOE 198 1). 

2.3.2. Documentation for CEARP Phases 4 and 5 

Documentation and reporting requirements f o r  C E A R P  Phases 4 and 5 will be 

given in documents prepared during subsequent phases o f  CEARP. These documents 

will address those program elements required to perform mitigation o f  adverse envi- 

ronmental impacts a t  sites requiring further action. In addition, guidelines will be 

provided on future monitoring requirements to fu l f i l l  compliance and verification 

needs under C E R C L A  or RCRA continuing release provisions. 

2.3.3. Reference Archive 

T h e  documentation prepared under C E A R P  will be placed into the archives a t  

LANL f o r  A L  to provide access f o r  reference, including subsequent phases of 

CEARP,  and to meet requirements o f  DOE Order 1324.2A (Records Disposition). 
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Table 2.1. Elements of EPA Feasibility Study Report 

Introduction 
Site Background Information 
Nature and Extent o f  Problem(s) 
Objectives of Remedial Action 

Screening of Remedial Action Technologies 
Technical Criteria 
Remedial Action Alternatives Developed 
Environmental and Public Health Criteria 
Other Screening Criteria 
Cost Criteria 

Alternative 1 (no action) 
Alternative 2 
Alternative N 

Noncost Criteria Analysis 

Remedial Action Alternatives 

Analysis of Remedial Action Alternatives 

Technical Feasibility 
Environmental Evaluation 
Institutional Requirements 
Public Health Evaluation 

Cost Analysis 
Summary of Alternatives 
Recommended Remedial Action (optional) 
Responsiveness Summary (in final version only) 

Source: EPA 1985a 
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3. IDENTIFYING AND SCREENING REMEDIAL TECHNOLOGIES 

3.1. OVERALL APPROACH 

The recommended technology identification and screening procedure consists 
of three steps: 

1. Identify CEARP sites and associated problems, including pathways 
for migration of contamination (CEARP Phases 1 and 2). 

2. Identify general response actions that address site problems and 
meet clean-up goals and objectives (CEARP Phase 3), Section 3.2. 

3. Identify possible technologies in each general response action, then 
screen the technologies to eliminate inapplicable and infeasible 
technologies based on site conditions (CEARP Phase 3), Section 3.3. 

Developing and screening technologies (and alternatives) is an iterative process 

taking place in CEARP Phases 2 and 3. The process begins during Phase 2 - Confir- 
mation to define the field data and pilot study requirements of specific technologies 

and alternatives. As more site data are collected, existing technologies and alterna- 
tives may be rescreened, or additional alternatives developed, to better address the re- 
vised objectives resulting from a refined understanding of the site. 

3.2. GENERAL RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES 

General response actions and their associated remedial technologies should be 

identified to address significant site problems reported during CEARP Phases 1 and 2. 

Site problems can generally be placed in one or more of the following categories: (1) 

air  pollution; (2) contamination of the soil and unsaturated zone; (3) surface water 

transport, infiltration, or contamination; (4) generation of leachate and contaminated 

groundwater; (5) gas migration; (6) wastes in drums, lagoons, etc.; (7) contaminated 

sediments; and (8) contaminated utilites (e.g., water supply and sewer lines and other 

conduits). 

General response actions should address the objectives a t  the site for remedial 

action. Some general response actions are shown in Table 3.1. Guidelines for 

screening and evaluating remedial responses are provided by EPA in Handbook: 

Remedial Action at Waste Disposal Sites (EPA 1985b). 
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3.3. IDENTLFYING AND SCREENING POTENTXAL TECHNOLOGIES 

Remedial technologies must be chosen for each general response action identi- 

f ied,  recognizing that there may be compatible and incompatible combinations of 

source control and management-of -migration measures. Table 3.1 contains a partial 

list of  technologies appropriate to the general response actions, also listed in Table 3.1. 

Technologies that prove extremely difficult to implement, do not achieve the remedial 

objective in a reasonable time, or are unproven should be modified or eliminated. 

Table 3.2 lists remedial technologies classified according to the site hazards 

they are intended to mitigate (EPA 1985a). While identifying and screening tech- 

nology, using this list will help ensure that most remedial technologies are considered. 

Site data must be reviewed to identify conditions that may limit or promote 
the use of certain remedial technologies. Such information will generally be gathered 

during CEARP Phase 2, Table 3.3 identifies important site characteristics that  should 

be considered part of the screening process. There are  also waste Characteristics that 

can limit the effectiveness and/or feasibility of remedial technologies and  they are 

shown in Table 3.4. Important considerations in selecting remedial technologies are 

the level of  development of the technology, performance record of the  technology, 

and inherent construction, operation, and/or maintenance problems associated with i t  
(€PA 1985b). 
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Table 3.1. General Resoonse Actions and Associated Remedial Technologies 

General Response 
Action Tvoical Technologies 

No Action Some monitoring and analyses may be performed. 

Containment Capping; groundwater containment barrier walls; bulkheads; 
gas barriers. 

Pumping Groundwater pumping; liquid removal; dredging. 

Collection 

Diversion 

Complete Removal 

Partial Removal 

Onsite treatment 

Off site Treatment 

-- In Situ Treatment 

Storage 

Onsite Disposal 

Offsite Disposal 

Alternative Water 
Supply 

Relocation 

Sedimentation basins; French drains; gas vents; gas 
collection systems. 

Grading; dikes and berms; stream diversion ditches; 
trenches; terraces and benches; chutes and downpipes; 
levees; seepage basins. 

Tanks; drums; soils; sediments; liquid wastes; 
contaminated structures; sewers and water pipes. 

Tanks; drums; soils; sediments; liquid wastes. 

Incineration; solidification; land treatment; 
biological, chemical, and  physical treatment. 

Incineration; biological, chemical, and physical 
treatment. 

Permeable treatment beds; bioreclamation; soil 
flushing; neutralization; land farming. 

Temporary storage structures. 

Landfills; land application. 

Landfills; surface impoundments; land application. 

Cisterns; above-ground tanks; deeper or upgradient 
wells; municipal water system; relocation of intake 
struct-ure; individual treatment devices. 

Relocate residents temporarily or permanently. 

Source: EPA 1985a 
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Table 3.2. Remedial Technologies 

A. Air Pollution Controls 
--Capping: 

- Synthetic membranes 
- Clay 
- Asphalt 
- Multimedia cap 
- Concrete 
- Chemical sealants/stabilizers 

--Dust Control Measures: 
- Chemical f ixatives 
- Water 

B. Surface Water Controls 
--Capping (see A) 
--Grading: 

- Scarif ication 
- Tracking 
- Contour furrowing 

--Revegetation: 
- Grasses 
- Legumes 
- Shrubs 
- Forbs 
- Trees 

- Dikes and berms 
- Ditches and trenches 
- Terraces and benches 
- Chutes and downpipes 
- Seepage basins 

~ Sedimentation basins and ponds 
- Levees 
- Addition o f  freeboard 
- Floodwalls 

C. Leachate and Groundwater Controls 

--Diversion and Collect ion Systems: 

--Capping (see A) 
--Containment Barriers: 

Function Options: 
- Downgradient placement 
- Upgradient placement 
- Circumferential placement 
Material and Construction-Options (vertical barriers): 
- Soil-bentonite slurry wall 
- Cement-bentonite slurry wall 
- Vibrating beam 
- Grout curtains 
- Steel sheet piling 

Source: €PA 1985a 
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Table 3.2. (Continued) 

Horizontal Barriers (bottom sealing): 
- Block displacement 
- Grout injection - Liners 

Function Options: 
- Extraction and injection 
- Extraction alone 
- Injection alone 
Equipment and Mat e r ia 1 0 p t ions: 
- Well points 
- Deep wells 
- Suction wells 
- Ejector wells 

- French drains 
- Tile drains 
- Pipe drains (dual media drains) 

--Groundwater Pumping (generally used with capping and treatment): 

--Subsurf ace Collection Drains: 

D. Gas Migration Controls kenera l lv  used with treatment) 
--Capping (gas barriers) (see A) 
--Gas Collection and/or Recovery: 

- Passive pipe vents 
- Passive trench vents 
- Active gas collection systems 

E. Excavation and Removal of Waste and Soil 
--Excavation and Removal: 

- Backhoe 
- Cranes and attachments 
- Front end loaders 
- Scrapers - Pumps 
- Industrial vacuums 
- Drum grapplers 
- Forklif ts  and attachments 

--Grading (see B) 
--Capping (see A) 
--Revegetation (see B) 
Removal and Containment of Contaminated Sediments 
--Sediment Removal: 

Mechanical Dredging: 
- Clamshell 
- Dragline 
- Backhoe 
Hydraulic Dredging: 
- Plain suction 
- Cutterhead 
- Dustpan 

F. 
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Table 3.2. (Continued) 

Pneumatic Dredging: 
- Airlift  
- Pneuma 
- Oozer 

- Curtain barriers 
- Coffer dams 
- Pneumatic barriers 
- Capping 

--Sediment Turbidity Controls and Containment: 

G. In Situ Treatment 
--Chemical Treatment 
--Soil Aeration 
--Solvent Flushing 
--Bioreclamation 
--Permeable Treatment Beds 

--Incineration: 
H. Direct Waste Treatment 

Rotary kiln 
Fluidized bed 
Multiple hearth 
Liquid injection 
Molten salt 
High temperature fluid wall 
Plasma arc pyrolysis 
Cement kiln 
Pyrolysis/starved combustion 
Wet air  oxidation 
Industrial boiIer or furnace 

--Gaseous Waste Treatment: 
- Activated carbon 
- Flares 
- Afterburners 

Biological Treatment: 
- Activated sludge 
- Trickling filters 
- Aerated lagoons 
- Waste stabilization ponds 
- Rotating biological disks - Fluidized bed bioreactors 
Chemical Treatment: - Neutralization 
- Precipitation 
- Oxidation 
- Hydrolysis 
- Reduction 
- Chemical dechlorination - Ultraviolet/ozonation 

--Treatment of Aqueous and Liquid Waste Streams: 
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Table 3.2. (Continued) 

Physical Treatment: 
- Flow equalization 
- Flocculation 
- Sedimentation 
- Activated carbon 
- Kneensorb 
- Ion exchange 
- Reverse osmosis 
- Liquid-liquid extraction 
- Oil-water separator 
- Steam distillation 
- Air stripping 
- Steam stripping 
- Filtration 
- Dissolved a i r  flotation 
Discharge to Publicly Owned Treatment Works 

Dewatering: 
- Screens, hydraulic classifiers, scalpers 
- Centrifuges 
- Gravity thickening 
- Flocculation, sedimentation 
- Belt f i l ter  presses 
- Drying or dewatering beds 
- Vacuum-assisted drying beds 
Treatment: 
- Neutralization 
- Solvent - Oxidation 
- Reduction 
- Composting 

- Cement-based 
- Lime-based 
- Thermoplastic 
- Organic polymer 
- Self-cementing techniques 
- Surface encapsulation 
- G a s i f i c a t i o n  
- Solidification (i.e., to f l y  ash, polymers, sawdust) 

--Handling and Treatment o f  Solids: 

--Solidification, Stabilization, or Fixation: 

I. Land DisDosal Storage 
--Landfills 
--Surface Impoundments 
--Land Application 
--Waste Piles 
--Deep Well Injection 
--Temporary Storage 
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Table 3.3. Site Characteristics That May Affect 
Selection o f  Remedial Technoloev 

Waste volume and areal extent 
Site Area 
Site configuration 
Climate (precipitation, temperature 
evaporation 

Topography 

Soil texture and  permeability 

Soil moisture 
Surf ace drainage 
Site geology 
Land use 
Vegetation 

Thickness of unsaturated zone 
Depths to groundwater 
Depth to bedrock 
Depth to aquicludes 

Degree of contamination of 
unsaturated zone, surface 
water and  groundwater 

Direction and  rate of 
groundwater flow 

Receptors/discharge areas 
Water use 
Surface water 
Ecological areas 
Risk Assessment 

TAP Working Draft Phase 3 August 1986 Section 3,  Page 3-9 



Table 3.4. Waste Characteristics That M a y  Affect 
Selection of Remedial Technolow 

Quantity/concentration 
Chemical composition 
Acute toxicity 
Persistence 
Biodegradability 
Radioactivity 

Ignitability 
Reactivit y/corrosivit y 
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Infectiousness 
Solubility 
Volatility 
Density 
Partition coefficient 
Compatibility with other 

Treatability 
chemicals ' 
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4. DEVELOPMENT O F  ALTERNATIVES 

4.1. PREFERENCE 

Preference should be given to remedial actions that permanently and signif i -  
cantly reduce the volume, toxicity, or mobility of hazardous substances and to alter- 

natives that either recycle or reuse wastes or are otherwise advanced or innovative. 

For CEARP investigations falling under CERCLA Feasibility Study requirements, at 
least one of the alternatives analyzed after screening should be of this type. 

Advanced, innovative, or alternate technologies include the following: 

- Use of an existing environmental technology for handling different 
wastes or types of sites. 

- Development of new or improved designs for existing technologies. 

- Use of a developed technology that is not fully proven (e.g., based 
upon documented research and demonstration projects showing 
promise of benefits that outweigh potential risks). 

These technologies should accomplish at  least one or a combination of the fol- 
lowing: 

- Permanent destruction 
- Reuse or recycle 
- Elimination of contaminant discharge 
- Waste minimization. 

4.2. ALTERNATIVES 

Technologies that have passed the technology screening are then assembled into 

alternatives by combining in various appropriate combinations the developed source 

control and management-of-migration remedies. At least one alternative that ad-  

dresses each of  the following considerations should be evaluated for CEARP investi- 

gations falling under CERCLA Feasibility Study requirements. The CEARP Techno- 

logical Assessment (Phase 3) should discuss those situations in which no feasible 

alternative can be identified for a given category: 
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Alternatives for treatment or disposal a t  an offsite facility ap- 
proved by €PA (including RCRA, TSCA, CWA, CAA, Marine Pro- 
tection Resource and Sanctuaries Act, and SDWA approved facili- 
ties), as appropriate; 

Alternatives that attain applicable and relevant federal public 
health or environmental standards; 

As appropriate; alternatives that exceed applicable and relevant 
public health or environmental standards; 

A no action alternative. 

A single alternative may f i t  more than one category, and several alternatives may be 
developed for  each category. 
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5. SCREENING ALTERNATIVES 

Guidelines for screening alternatives are intended for  CEARP sites falling 

under CERCLA Feasibility Study requirements. They should be implemented on a 

site-by-site basis as appropriate for CEARP sites not meeting those requirements. 

After developing alternatives, the next step involves a preliminary screening of 

alternatives based on an  evaluation of (1) environmental criteria, (2) public health 
criteria, and (3) order of magnitude cost. This screening process permits an initial 

assessment of the feasibility of each alternative relative to the others. 

The screening process eliminates alternatives that do not adequately protect 
public health and welfare, and the environment, or are much more costly than others 

without providing significantly greater protection. When alternatives are eliminated 

from further consideration, the CEARP Phase 3 Technological Assessment must 

document the rationale for excluding each dropped alternative. 

In some situations, screening may eliminate all alternatives in one of the five 

categories listed in Section 4, "Development of Alternatives." When this occurs, 3t  

least one alternative for  the category that was eliminated should be included in the 

"Summary of Alternatives" described in Section 7 and should be presented in the re- 

port with an  explanation as to why it  was eliminated at  the screening stage. 

5.1. SCREENING FOR IMPACT ON ENVIRONMENT AND PUBLIC HEALTH 

Adverse impacts on the environment or on public health and welfare, which 

may preclude the use of each alternative, must be identified. Alternatives that will 

have significant adverse impacts or do not adequately protect the environment and 

public health should be eliminated. At this point, adequate protection should be 
thought of as a comprehensive response that addresses all identified pathways and 

points of exposure. In preparation for the cost screening, alternatives should be 

ranked in terms of benefits to-the environment and to public health and welfare. 

5.2. COST SCREENING 

The object of cost screening is to eliminate alternatives that have costs 

significantly greater than other alternatives, but do not provide greater benefits or 
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reliability. The total should include the cost of implementing the alternatives and the 

cost of their operation and maintenance. The cost screening should be conducted only 

af ter  the environmental/public health and technical feasibility screenings have been 
performed. 

In preparing cost estimates for screening, certain limiting factors should be 
considered to control the level of effort  expended in compiling the estimates. These 

factors include accessibility of data sources, time available, and degree of accuracy to 

be achieved. The following guidelines can be utilized when defining the level of ef- 

for t  in cost screening: 

- Data sources should be limited to the Remedial Actions Cost Com- 
pendium (ELI 1984), Handbook: Remedial Action at Waste Disposal 
Sites (EPA 1985a), CEARP Phase 2 (for revising design assumptions 
where necessary), standard costs indices, and other readily available 
information. 

- The time to prepare screening cost estimates should be limited to a 
few days. 

- The objective in calculating the costs is to achieve an  accuracy 
within -50 to +I00 percent. 

The screening can be divided into three basic tasks: (1) estimation of costs, 
(2) present worth analysis, and (3) cost screening. 

5.2.31. 

Alternatives are screened on the basis of both capital costs and operating and 
maintenance costs. These costs should reflect site-specific conditions and should be 

revised using the cost compendium (ELI 1984) or other standard cost guidance refer- 

ences. 

Capital costs should include the following as applicable: 

- Relocation (including transportation) - Land acquisition or obtaining permanent easements 
- Land and site development 
- Buildings and services 
- Equipment 
- Replacement 
- Disposal 
- Engineering 
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- Construction - State and local legal fees, licenses, and permits 
- Contingency allowances - Startup and shake-down - Anticipated health and safety requirements during construction. 

Operation and maintenance costs should include the following, when appii- 

cable: 

- Operating labor 
- Maintenance materials and labor - Auxiliary materials and energy - Purchased service - Administrative services 
- Insurance, taxes, and licensing - A maintenance reserve and contingency fund. 

5.2.2. Present Worth Analvsis 

After developing cost data, the user must determine the present worth of both 

the capital and other expenditures. Discounting to present worth is necessary when 

operation and maintenance costs are anticipated for  one or more alternatives. Present 

worth (or present value) analysis enables the user to compare sets of costs by comput- 
ing the current value of all costs incurred, whether they are incurred in the present 

or future. The present worth analysis conducted during screening relies on less re- 

f ined cost data but i s  otherwise identical to the present worth analysis conducted dur- 

ing detailed cost estimation. As an  example, this analysis could be based on the 10 

percent discount rate prescribed by the Office of  Management and Budget (OMB 

1982). However, a calculation of alternative discount rates may be desirable (e.g., 4 or 

7 percent) to observe the sensitivity of overall estimates to discount rates. This check 

is most useful in cases that involve replacement costs. In some instances, wastes 

removed from a site, such as fuel oils or other hydrocarbons, may be reusable, In  

such cases, revenues from the sale of removed materials should be considered i n  the 

present worth analysis. The procedures for  conducting a present worth analysis are 

discussed in detail in the €PA Remedial Action Costing Procedures Manual (EPA 

1983a). 
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5.2.3. Cost Screening 

Present worth costs of competing alternatives should be evaluated and com- 

pared with benefits to the environment and to public health and welfare. Alterna- 

tives should be eliminated if they are significantly more expensive and offer similar 

or smaller benefits but no greater reliability than competing alternatives. Alterna- 
tives that are more expensive but offer substantially greater environmental and/or 
health benefits should not be eliminated. 
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6. DETAILED EVALUATION OF THE ALTERNATIVES 

The guidelines for evaluating the alternatives in detail are intended for  

CEARP sites falling under CERCLA Feasibility Study requirements. The evaluation 

should be implemented on a site-by-site basis as appropriate for  CEARP sites not 
meeting these requirements. The major concern in a detailed evaluation of alter- 

natives is that the suggested alternatives be appropriate to site conditions. Following 

the preliminary screening, the remaining feasible alternatives should be subjected to a 
detailed analysis with respect to the following six criteria: 

- Technical Feasibility 
- Institutional Requirements 
- Public Health Concerns - Environmental Concerns 
- Installation Operation Impacts 
- cost. 

6.1. TECHNICAL ANALYSIS 

Each remedial alternative should be evaluated for performance, reliability, im- 

plementability, and safety. EPA’s Handbook: Remedial Action at Waste Disposal Sites 

(EPA 198%) provides useful information. 

6.1.1. Performance 

Effectiveness and useful life determine the desirability of a remedial alterna- 

tive. Effectiveness refers to the degree to which an action will prevent or minimize 

substantial danger to public health and welfare, or to the environment. The useful 

l ife is the length of time this level of effectiveness can be maintained. 

Effectiveness - Remedial alternatives should be evaluated in terms of their 

ability to perform intended functions, such as containment, diversion, removal, de- 

struction, or treatment. The effectiveness of alternatives should be determined either 

through design specifications or by performance evaluation. Any special site or waste 

conditions that affect  performance should be considered, and the design should be 

tailored to accommodate those conditions. The evaluation should also consider the ef- 

fectiveness of combining technologies. Standards, criteria, or guidelines are not 
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available for  all situations a t  hazardous waste sites. In such cases, performance speci- 

fications based on acceptable engineering practice must be developed and used in 

evaluating alternatives. 

The evaluation of onsite alternatives should include an analysis of factors a t  

the site that could impact their effectiveness. Important factors include those listed 

in Table 3.3 and they should be considered to determine if onsite alternatives can be 
effective. Engineering modifications may be necessary to mitigate adverse conditions 

at the site. 

Useful Life - Most remedial technologies, with the possible exception of de- 

struction (e.g., incineration), deteriorate with time. Often, deterioration can be slowed 

through proper operation and maintenance, but the technology may nevertheless even- 

tually require replacement. Each alternative should be evaluated in terms of the pro- 

jected service l ife of its component technologies. Resource availability in the future  

life of the technology, as well as the appropriateness of the technology, must be con- 

sidered in estimating the useful life of the project. 

6.1.2. Reliabilitv 

The cost to install and operate remedial alternatives and the importance of 

protecting public health and the environment make reliability a serious concern. In- 

formation about the reliability of  remedial technologies can come from their opera- 

tional and maintenance requirements and their demonstrated reliability a t  similar 

sites. 

Ooerational and Maintenance Reauirementq - Evaluations of remedial alterna- 

tives should emphasize the frequency and complexity of operational and maintenance 

requirements. Technologies requiring frequent or  complex operational and mainte- 

nance activities should be regarded as less reliable than technologies requiring little 

or straightforward operation and maintenance. The availability and  cost of labor and  
materials should also be considered. 

Demonstrated Reliabilitv - The technical analysis of remedial alternatives 

should not be based on the presumed performance of untested methods. An estimate 

of the probability of failure, in either qualitative or quantitative terms, should be 
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made for each component technology and for the complete alternative. Preference 

should be given to technologies that have proven effective under waste and site con- 

ditions similar to those anticipated. However, innovative or advanced technology 

should be evaluated as an alternative to conventional technology, if appropriate. If 

such technology is included in suggested remedial alternatives, information from re- 

search supporting its use and expected reliability should be documented. Sometimes 

bench-scale studies will be necessary to determine actual performance characteristics. 

These studies should be initiated as early as possible, preferably during CEARP 
Phase 2 - Confirmation. 

6.1.3. ImDIementabilitv 

Another important aspect of remedial alternatives is their implementability; 
i.e., the relative ease of installation and the time required to achieve a given level of 
response. Ease of installation, often known as constructability, is determined by 

conditions both internal and external to the site. The time requirement consists of 

the time required to implement a technology and the time required before results are 
actually realized. 

Constructabilitv - The ability to actually build, construct, or implement the 
remedial technology on the site is fundamental to the technical analysis of al- 

ternatives. Conditions external to the site that affect  implementability include the 

availability and acceptability of offsite disposal sites and the equipment available for  

construction. Also, public acceptance of the alternative can be of fundamental impor- 

tance in determining whether the action can be implemented. 

Time Reauirements - The time element of remedial actions is an  important as- 

pect of remedial planning for a site. The emphasis should be on quickly eliminating 

exposure to hazardous substances. The time required to implement a remedy and the 

time required to realize beneficial effects should be addressed. However, the impor- 

tance of timing depends on the nature of the hazard. Speed is more important a t  sites 

presenting immediate, rather than long-term, hazards. 

Implementation time includes the time required for special studies, design, con- 

struction, and any other technical steps required. Time estimates should take into 

consideration normal weather conditions, unanticipated site conditions, and necessary 
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safety precautions. Alternatives should be evaluated in terms o f  the most likely con- 

struction schedule, based on experience a t  similar sites or on a standard engineering 

procedure, l ike critical path analysis. 

Some remedial alternatives achieve instantaneous results (e.g., surface clean-up 
or the provision o f  alternative water supplies). Often,  though, considerable time is 

required f rom the beginning o f  construction until the desired results are achieved. 

During this period, temporary measures, such as providing alternative potable water 
supplies are commonly taken to mitigate the threat. Alternatives should be evaluated 

in  terms o f  the time required to produce beneficial results in the environment, exclu- 
sive o f  measures that provide temporary protection. 

6.1.4. Safetv 

D O E  has the responsibility f o r  health, safety,  and environmental protection 

programs a t  DOE-owned, contractor operated facilities. I t  is the policy of D O E  to as- 

sure that D O E  operations are conducted in a manner that will (1 )  l imit risks to the 

health and safety o f  the public and employees, and (2) adequately protect property 

and the environment (DOE Order 5481.114). 

E a c h  remedial alternative should be evaluated with regard to safety. This 

evaluation should include short-term and long-term threats to the safety o f  nearby 
workers, residents, and environments, as well as threats to workers during implemen- 

tation. Major risks to consider are f i re ,  explosion, and exposure to hazardous sub- 
stances resulting f rom both onsite and of f s i te  work while the remedial action is being 

implemented. 

Prepared to ensure the health 

waste sites, the joint  guidelines o f  
and safety o f  workers a t  uncontrolled hazardous 

the E P A ,  the Occupational Sa fe ty  and Health 
Administration (OSHA), and the National Institute f o r  Occupational Safety and 

Health (NIOSH) may be used to determine risk to the health a n d  safety o f  workers 

during implementation. Alternatives should be designed to minimize risk during im- 

plementation and should be evaluated in terms o f  such safety. 
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6.2. INSTITUTIONAL ANALYSIS 

6.2.1. ComDliance with Environmental and Public Health Statutes 

DOE policy is to comply with applicable environmental and public health 

standards, guidelines, and criteria to the extent possible during remedial actions. 

Consideration of the alternatives presented in the CEARP Phase 2 - Confirmation and 
Phase 3 - Technological Assessment studies should give primary emphasis to alterna- 

tives that attain or exceed applicable environmental and public health standards. 
guidelines, and criteria. 

DOE anticipates that most CEARP remedial actions will at tain or exceed ap- 

plicable standards. There may be situations in which a remedy is selected that ex- 

ceeds a standard rather than simply attains it if,  under the circumstances, a more pro- 

tective level is appropriate. However, a t  times, applicable standards may not be able 

to be attained. This could occur in the following situations: 

1. The selected alternative is not the final action and will become part 
of a more comprehensive action. 

2. All of the alternatives that meet applicable standards fall into one 
of the following categories: 

- Technological impracticality: achievement o f  the standard at  the 
site is technologically impractical from an engineering stand- 
point; 

- Unacceptable environmental impacts: all alternatives that attain 
standards would have unacceptable environmental or public 
health consequences. 

If one of these situations exists, an  alternative may be selected that does not com- 

pletely attain all applicable or relevant environmental or public health standards. In 

such a situation, the alternative that most closely approaches the standard will be se- 

lected, and the reasons for  not meeting the standard will be fully documented. 

6.2.2. National Environmental Policv Act (NEPAl 

Remedial actions taken pursuant to Sections 104 and 106 of CERCLA are gen- 

erally exempt from NEPA, based on numerous court decisions holding that the EPA 
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carries out the functional equivalent o f  a NEPA review in its permitting and regula- 
tory activities (EPA 1985a). C E A R P  Phase 3 will be implemented following E P A  
guidance under C E R C L A  to accomplish the functional equivalent o f  NEPA. Many el- 

ements o f  C E R C L A  remedial planning are also integral to NEPA review, Le., evalua- 

tion of alternatives, analysis o f  environmental impacts, and public involvement. 
There f  ore, steps to avoid duplicating the environmental requirements under C E R C L A  

and NEPA should be taken f o r  National Priorities List (NPL) sites. Consolidating 

documents, cross referencing (CEARP Phase 2)/feasibility study (CEARP Phase 3) 

public review periods are among the actions that can be taken to minimize duplica- 

tion (EPA n.d.). T h e  following steps should be implemented as appropriate to help 

ensure that proposed C E A R P  remedial actions achieve the functional equivalent of 

NEPA: 

1. T h e  process for  determining the extent o f  the remedy required by 
C E R C L A  Section 105(3) and described in Section 300.68 o f  the NCP 
will be followed. This  process includes the necessary and appropri- 
ate investigation and analysis o f  environmental factors as they 
specifically relate to a site, and alternatives that are being consid- 
ered to correct the situation. 

2. A meaningful opportunity f o r  public comment on environmental is- 
sues will be provided before the f ina l  selection o f  a remedial alter- 
native. To meet this requirement, D O E  will allow both the oppor- 
tunity and adequate time f o r  the public to review the Technological 
Assessment. T h i s  should be accomplished as part of the community 
relations program, which will be established by each installation. 

T h e  focus o f  C E A R P  is broader than that o f  C E R C L A  (e.g., R C R A  continuing 

reIease sites and activities under the DOE Surplus Facil i t ies  Management Program, 

which may not have to be addressed under criteria established f o r  implementing 

C E R C L A  remedial activities). Therefore,  implementation o f  programs designed to 

meet the functional equivalent o f  NEPA and comply with NEPA (e.g., the DOE-  

equivalent of a memo-to-file f o r  clearly insignificant activities,  an  environmental 

assessment, and an  environmental impact statement f o r  more significant actions) will 

be established on a site-by-site basis. CEARP NEPA-related documentation and 

documentation f o r  other environmental requirements (e.g., floodplain/wetland 

involvement) should be consistent with the guidance provided in D O E  Order 5440.1C 

and A L  Order 5440.1B (Implementation o f  the National Environmental Policy Act) 

and the D O E  Environmental Compliance Guide (DOE 1981). 
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6.2.3. Coordination with Other Agencies 

CERCLA, the NCP, and Executive Order 12316 delegate the authority to man- 
age certain aspects of CERCLA responses to various federal agencies. (For example, 
the Federal Emergency Management Agency is authorized to manage relocations.) If 

coordination is required for any remedial alternative, the CEARP Phase 3 Technolog- 
ical Assessment should indicate that the appropriate agency has been or will be con- 

tacted and that the needed coordination mechanism either is in place or can be devel- 

oped. Certain other agencies may also give advice useful in planning and implement- 
ing remedial actions. 

6.2.4. Communitv Relations 

Community relations are an  integral part of every remedial action, regardless 

of the choice of remedial alternatives. The EPA’s Community Relations in Superfund: 

A Handbook (EPA 1983b) provides procedural guidelines on planning and implement- 

ing effective community relations programs. The EPA guidance should be imple- 

mented as appropriate under CEARP to accomplish the functional equivalent of 

NEPA. 

In evaluating remedial alternatives, the public’s perception of the alternatives 

should be considered. A community relations plan is a management and planning 

tool, which outlines the specific communications activities to be used during a re- 

sponse and the integration of these activities with technical work a t  the site. The 
plan should be based on interaction with local officials, civic leaders, community res- 

idents and leaders, and public interest groups, as appropriate. Steps should be taken 
to address public concerns and incorporate citizen input when feasible. 

6.3. PUBLIC HEALTH ANALYSIS 

The remedial action selected €or a hazardous waste site must adequately pro- 

tect public health and welfare: This requires documenting that the action minimizes 

the long-term effects of any residual contamination and protects the public both dur- 
ing and after the action. EPA’s Office of Research and Development (ORD) (risk as- 
sessments) or the Agency for Toxic Substances and Disease Registry (ATSDR) (human 
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health studies, health assessments, health advisories) may be contacted for help in 

evaluating the e f f e c t  on public health a t  a site. 

A public health evaluation should be made f o r  each site, although the form 

and extent o f  the assessment will depend on the situation. T h e  evaluation should con- 

sist o f  the following steps: 

- A baseline site evaluation to provide a preliminary assessment o f  the 
public health conditions a t  the site; 

- An exposure assessment to analyze the extent and duration o f  human 
exposure to site contaminants in the absence o f  remedial action; 

- A standards analysis to compare projected environmental concentra- 
tions to appropriate ambient standards or criteria;  

- An evaluation to assess the short- and long-term e f fec ts  and the e f f i -  
ciency o f  the proposed remedial alternatives with respect to removal 
or mitigation exposures identified during the exposure assessment. 

6.3.1. Baseline Si te  Evaluation 

T h e  baseline site evaluation is the f irst  step in the public health evaluation f o r  

all sites. First ,  the available data relevant to a public health evaluation should be col- 

lected, organized, and reviewed. This information should include background data, 

disposal history (and records, if available), types o f  remedial technologies considered, 

onsite and of f s i te  hazardous substance data, environmental data (e.g., topography and 

~ ~ d ~ ~ g ~ ~ ~ o g ~ ) ,  information on local demography, and information on human health 

e f fec ts  (if available). Sources should include preliminary assessment data and reports, 

field reports, confirmation scoping documentation, and analytical data and reports 

available f rom ongoing studies f o r  site characterization and alternatives screening. 

O f  particular importance in this initial review is the information used to de- 

f ine the type of action likely to be taken a t  a site and the level o f  detail  required f o r  

the exposure assessment. Sites involving contamination that has not migrated much 

beyond the source generally require relatively simple source control measures. Sites 

that have evidence o f  contaminant migration beyond the source (e.g., into groundwa- 

ter) may require source control options as well as management o f  migration alter- 

natives. Some sites may have such extensive migration o f  contaminants that only 
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management-of-migration options are suitable. This distinction is important in de- 

termining the extent of analysis and evaluation required for  each alternative. Thus, 

all data on the extent of contamination, contaminant mobility and migration, and 

types of remedial alternatives should be carefully reviewed. The result of the base- 

line evaluation is a determination of the data necessary to conduct the exposure as- 
sessment and the level of detail required in this assessment. 

To be considered a source control situation, the site and the remedial alterna- 
tives must meet all of the following conditions: 

- The known and suspected chemical contamination at  the site is re- 
stricted to the proximity of its original location; 

- The remedial alternatives considered include both onsite control mea- 
sures and removal and offsite disposal or treatment a t  a facility ap- 
proved under RCRA or other environmental laws including TSCA, 
CWA, CAA, MPRSA, or SDWA, as appropriate; 

- The remedial alternatives will prevent or minimize releases of con- 
taminants. 

Management-of-migration measures should be evaluated if these conditions are not 

met. 

6.3.2. ExDosure Assessment 

For sites a t  which only source control remedial measures are being evaluated, a 
qualitative assessment of the potential threats to public health in the absence of re- 

medial action is generally all that is required. An in-depth quantitative anaiysis is 

not warranted in situations in which (1) contamination has not migrated into any 

medium of transport capable of producing human exposures and (2) the only  actions 

under consideration are those that prevent such migration. However, a t  a minimum, a 

qualitative exposure analysis is required to evaluate the types, amounts, and 

concentrations of hazardous substances at  the site, their toxic effects, the proximity 

of target populations, the likelihood of chemical release and migration from the site, 

and the potential for exposure. 
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For  sites a t  which management-of-migration options are being considered, a 

quantitative exposure assessment should be undertaken. The  objective of this expo- 

sure assessment is to estimate the frequency, magnitude, and duration of human expo- 
sure to hazardous substances released from a site. Several tasks are required in this 

assessment: 

- Identifying chemicals present a t  the site and selecting indicator 
chemicals (based on toxicity,  radiation, persistence, mobility, and 
quantitative present); 

- Identifying points o f  potential human exposure and exposure path- 
ways f o r  each remedial alternative considered; 

- Characterizing populations potentially a t  risk; 

- Estimating the environmental concentrations o f  each indicator sub- 
stance a t  key exposure points; 

- Assessing risk to relate exposure and/or regulated as background lev- 
els to expected health consequences as epidemiological estimates. 

I n  some situations, there may only be a small number o f  hazardous substances 

present and all  substances may be evaluated. F o r  sites a t  which there are a large 

number o f  hazardous substances, specific indicator substances may be selected to f a -  

cilitate a manageable analytical and design effort .  These indicators should represent 

the most toxic,  persistent, mobile, and prevalent substances a t  the site. 

Table  6.1 provides a list of questions that s%pould be answered in an  exposure 

assessment. These questions apply to both qualitative and quantitative assessments. 

Because extreme uncertainties are  likely, a critical part o f  all  exposure assessments is 
documenting assumptions and other sources of uncertainty. 

6.3.3. Environmental Standards 

T o  formulate alternatives requires that standards, criteria,  or  guidelines be de- 

termined. Following the exposure-assessment, estimated environmental concentrations 

o f  the indicator chemicals selected f o r  a particular site should be compared with these 

standards, criteria,  and guidelines. This  comparison must be made for each al-  

ternative considered. A listing of standards, criteria,  and guidelines can be found in 

Table  5.2 in EPA 1985a. In completing the public health evaluation, the extent to 
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which each alternative attains or exceeds standards, criteria,  advisories, or guidelines 

should be carefully documented. 

As a result o f  various technical aspects o f  standards development, some con- 

centration limits may require adjustment before being applied to a specific site. The 

f i r s t  step is to determine whether each concentration limit is directly applicable or 

must be adjusted f o r  the specific site conditions. Relevant or applicable ambient 

concentration limits are not available f o r  many hazardous substances commonly found 

a t  sites. When no relevant or applicable standards are available, E P A  should be con- 

sulted on a case-by-case basis for  further guidance. 

6.4. ENVIRONMENTAL ANALYSIS 

In keeping with DOE’S resolve to comply with the intent o f  NEPA and the 
NCP, an  environmental analysis must be included in the C E A R P  Phase 3 Technologi- 

cal  Assessment documents. This  will eliminate duplication o f  paperwork and still 

serve to analyze those environmental components of primary concern. 

6.4.1. Overview of the Environmental Analvsis 

An analysis of the environmental e f fec ts  of all  alternatives should be per- 
formed f o r  all  sites. The  analysis must include the current site situation and also the 

environmental conditions anticipated i f  no remedial actions are taken (no action 

alternative). T h e  analysis will (1) determine the value and/or uses of the areas that 

are  contaminated, threatened with contamination, or otherwise a f fec ted ,  (2) identify 

and quantify to the extent necessary the impacts that are likely, (3) identify mitiga- 

tions to minimize adverse impacts, and (4) assess the significance o f  the mitigated im- 

pacts. 

6.4.2. Evaluation of Alternatives 

T h e  environmental analysis should address the e f fec ts  o f  each remedial 

alternative under consideration, including long-term (i.e., post-construction) and short- 

term (Le., construction) effects .  T h e  level of  detail in the environmental analysis 

should depend on the degree o f  actual or potential impact on the various environmen- 

tal components. An appropriate level o f  detail  will allow a meaningful comparison o f  
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the benefits expected f rom di f ferent  alternatives and a determination o f  the impacts 
from remedial construction and operations. Factors generally considered in determin- 

ing the detail  required include (1) ef fec ts  on environmentally sensitive areas, (2) vio- 
lation o f  environmental standards, (3) short- and long-term effects ,  and (4) irre- 

versible commitments o f  resources. 

Findings should be presented to allow comparing the environmental e f fec ts  o f  

alternatives. Environmental impacts o f  remedial alternatives may include e f fec ts  on 

hydrology, geology, a i r  quality,  biology, socioeconomics, land use, and on archaeologi- 
cal and historic sites. In  general, each alternative will be evaluated by considering 

the beneficial e f fec ts  of the response, such as minimization o f  long-term health e f -  

fects, elimination/reduction o f  the release o f  contaminants, improving f ina l  environ- 
mental conditions, and improving the biological environment and the resources that 

people use. Expected adverse e f fec ts  o f  remedial construction or operations should 

also be considered. 

6.4.3. MitiPathe Measures 

If any alternative might have inevitable or irreversible effects ,  the DOE will 

state the mitigative measures to be taken in conjunction with the alternative. T h e  
statement will discuss the technology to be employed and its expected mitigating e f -  

fects. T h e  impacts expected to remain a f t e r  mitigative measures are  taken should be 
clearly identified for each alternative. 

6.5. COST ANALYSIS 

This section outlines the approach recommended to develop and analyze costs 

for each of the remedial action alternatives. More detailed costing procedures can be 
found in the Remedial Action Costing Procedures Manual (EPA 1983a). In  developing 
detailed cost estimates, the following steps should be performed: 

1. Estimation of costs: estimate capital costs and costs o f  operation 
and maintenance f o r  remedial action alternatives. 

2. Present worth analysis: using estimated costs, calculate annual costs 
and present worth f o r  each remedial action alternative. 

3. Sensitivity analysis: evaluate the sensitivity o f  cost estimates to 
changes in key parameters, such as discount rates. 

TAP Working Draft Phase 3 August 1986 Section 6, Page 6-12 



4. Summary of alternatives analysis: summarize data used in the al- 
ternatives analysis to use to select a remedial action alternative. 

6.5.1. Estimation of Costs 

All capital and operational and maintenance costs for  each remedial action al- 
ternative must be identified and estimated. However, distinguishing capital costs 

from operational and maintenance costs is not easy for response activities. 

Capital costs consist of direct (construction) and indirect (nonconstruction and 
overhead) costs. Direct costs include expenditures for equipment, labor, and materials 

necessary to install remedial technologies. Indirect costs include expenditures for 

engineering, financial, and other services not part of actual installation activities but 

required to complete the remedial alternatives. The remedial action phase may in- 

clude expenditures that traditionally have been considered operational and mainte- 

nance costs, when construction by itself will not achieve clean-up goals. For example, 

a remedial action addressing groundwater contamination may involve pumping, treat- 

ing, and reinjecting groundwater in order to achieve site clean-up. In general, the 

following criteria should be used to define remedial actions: 

- Remedial actions include measures that (1) control contamination a t  
or near the source of the release, (2) result in the initial mitigation 
of a release to levels protecting public health and welfare and the 
environment, (3) have a definable endpoint based on contaminant 
levels, (4) are related to the initial construction effort  (Le., capping) 
or are of limited duration (usually less than 4 years). 

Operational and maintenance costs are post-construction costs necessary to en- 

sure the continued effectiveness of a remedial action. They may be defined as fol- 

lows: 

- Post-closure activities include measures that (1) are required to main- 
tain releases a t  levels protective of public health and welfare and the 
environment, (2) require long-term implementation, (3) have no de- 
finable endpoint, (4) maintain the physical integrity of the remedy, 
or (5) provide for  scheduled monitoring or repair. 

- Post-closure activities occur af ter  completing the remedial action and 
include continued operations necessary to stop releases. 
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Direct capital costs may include: 

Construction - costs o f  materials, labor (including fringe benefits and 
worker’s compensation), and equipment required to install a remedial 
technology; 

Equipment - costs o f  remedial action and service equipment neces- 
sary to accomplish the remedy; these materials remain until the site 
remedy is complete; 

Land and site development - expenses associated with purchasing 
land and developing existing property; 

Buildings and services - costs of process and nonprocess building, 
utility connections, purchased services, and disposal; 

Relocation - costs o f  temporary or permanent accommodations for 
affected nearby residents; 

Disposal - costs to transport and dispose o f  waste materials, such as 
drums and contaminated soils. 

Indirect capital costs may include: 

- Engineering - costs o f  administration, design, construction supervi- 
sion, draft ing,  and testing o f  remedial action alternatives; 

- Legal and license or permit - administrative and technical costs nec- 
essary to obtain licenses and permits f o r  installation and operation; 

- Startup and shakedown - costs incurred during remedial action 
startup; 

- Contingency - funds to cover essts resulting from unforeseen circurn- 
stances, such as adverse weather conditions, strikes, and inadequate 
site characterization. 

Operational and maintenance costs may include: 

- Operating labor - wages, salaries, training, overhead, and fringe ben- 
ef i ts  associated with the labor needed f o r  post-construction opera- 
tions; 

- Maintenance materials and labor - costs f o r  labor, parts, and other 
resources required for  routine maintenance of  faci l i t ies  and equip- 
ment; 

- Auxiliary materials and energy - costs o f  such items as chemicals and 
electricity for treatment plant operations, water and sewer service, 
and fuel ;  
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- Purchased services - sampling costs, laboratory fees, and professional 
fees for which the need can be predicted; 

- Administrative - costs associated with administering remedial action 
operation and maintenance not included under other categories; 

- Insurance, taxes, and licensing - costs of such items as liability and 
sudden accidental insurance; real estate taxes on purchased land or 
rights-of-way; licensing fees for certain technologies; and permit re- 
newal and reporting costs; 

- Maintenance and contingency - annual payments into escrow funds to 
cover (1) costs of anticipated replacement or rebuilding of equipment 
and (2) any large unanticipated operational and maintenance costs; 

- Rehabilitation - costs to maintain equipment or structures that wear 
out over time; 

The following sources may be used to estimate costs: 

- Vendor estimates 

- Estimates for similar projects 

- Standard costing guidance 

- Labor and energy cost data published by the Bureau of Labor Statis- 
tics (Department of Labor) and DOE, respectively. 

Cost estimates are frequently based on data several years old and must be up- 

dated for the current year. Appropriate cost indices include the following: 

- Ennineerine News Record Construction Cost Index (capital costs o f  
construction) 

- Marshall and Stevens Index (for treatment facility costs) 

- American Citv and Countv Municipal Cost Index (manpower costs) 

- The "Producer Price Index for Finished Goods," published by the De- 
partment of Labor in the Monthlv Labor Review. 

The accuracy of costs developed for a CEARP Phase 2 Confirmation or Phase 

3 Technological Assessment must be considered. Typically, these "study estimate" ex- 

pense provide an  accuracy of -30 to +50 percent and are prepared at  relatively low 

expense using data available from the Phase 2 - Confirmation. Costs developed with 

accuracies other than -30 to +50 percent should be identified. 
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6.5.2. Present Worth Analvsis 

Present worth analysis is a standard method used to evaluate expenditures that 

occur over different time periods by discounting all  future costs to a common base 

year, usually the present. This  allows the cost o f  remedial action alternatives to be 

compared on the basis o f  a single f igure representing the amount o f  money, that,  if 

invested in the base year and disbursed as needed, would be suff icient  to cover all  

costs associated with the remedial action over its planned life.  

In conducting the present worth analysis, assumptions must be made regarding 

the discount rate and the period o f  performance. For  the f irst ,  a discount rate o f  10 

percent before taxes and a f ter  inflation should be assumed, as outlined in OMB Cir- 

cular No. A-94 (OMB 1982). In  addition to using a discount rate o f  10 percent, sensi- 

tivity analyses using other discount rates (e.g., 4 percent, 7 percent) should be con- 

ducted. T h e  period of performance should not exceed 30 years f o r  the purpose o f  de- 
tailed feasibility analysis. 

6.5.3. Sensitivitv Analvsis 

After the present worth o f  each remedial action alternative has been calcu- 

lated, each cost should be evaluated through sensitivity analysis f o r  effects of varia- 

tions in assumptions. A sensitivity analysis assesses the e f f e c t  that variations in sge- 

cif ic assumptions associated with the design, implementation, operatio discount rate,  
and e f fec t ive  l i f e  of an  alternative can have on the estimated cost o f  the alternative. 

These assumptions depend on the accuracy o f  the data developed during Phase 2 - 
Confirmation and on predictions o f  the future behavior o f  the remedial technology 

and are subject to varying degrees o f  uncertainty. The  sensitivity o f  costs to these 
uncertainties can be observed by varying these assumptions and noting the e f fec ts  on 

estimated costs. Sensitivity analysis can also be used to optimize the design o f  a re- 

medial action alternative, particularly when design parameters are interdependent 

(e.g., treatment plant capacity for, contaminated groundwater and the length o f  the 

period o f  performance). 

A sensitivity analysis is especially concerned with factors that can signifi-  

cantly change overall costs with only small changes in the values of the factors. 
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Other factors chosen for analysis should be those for which the value is most uncer- 

tain. The results of the analysis can be used to identify "worst case" scenarios and to 

revise estimates of contingency or reserve funds. 

The following factors should be primary candidates to consider in conducting 
sensitivity analysis: 

- Effective l ife of remedial action (replacement) 
- Operation and maintenance costs - Duration of clean-up (period of performance) 
- Extent of clean-up, given uncertainty about site conditions 
- Other design parameters 
- Discount rate. 

6.5.4. Summarv of Alternatives Cost Analvsis 

Data developed in the cost estimation and present worth analysis stages are 

compiled in a summary table to describe the alternatives. Cost-effectiveness determi- 

nations must have a common basis for  comparing costs when evaluating various reme- 

dial action alternatives. Therefore, three critical cost elements should be developed 
and assembled for input into the cost-effectiveness analysis: ( I )  total capital cost, 

(2) present worth costs, and (3) the cash flow over the life of the remedial action 

alternative. 

The cash flow of a remedial action alternative presents a tally of the antici- 

pated costs for  each year of the remedial action alternative, adjusted to present 
worth. The presentation of costs in this manner allows the identification and assess- 

ment of future  capital and operational and maintenance outlays, which are important 
in planning budgets. 

The presentation of the costs for  each alternative should include all costs asso- 
ciated with implementing the alternative. Costs common to all alternatives must be 

included with each alternative so that the total estimated cost for  each is readily ap- 

parent. 
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Table 6.1. Questions in Exposure Assessment 

1. Hazardous Substance Identification 

* What hazardous substances are known or suspected to have been disposed of a t  
the site? 

* What quantities of each chemical were disposed of? 
* How were they disposed of (bulk dumping, drums, bulk storage)? 
* Which hazardous substances are now in the environment (air, land, surface 

water, groundwater )? 
* What are the ambient levels of these hazardous substances in the air, 

groundwater, surface water, and soil? 
* What conditions or events could affect  contamination levels on- and offsite? 
* What hazardous substances can be used as indicators of the overall risk at  the 

site? 

2. Surrounding Population 

* Describe the population surrounding the site: 
- How many people are potentially exposed? 
- Who are they (especially high-risk groups, e.g., children, the elderly, or the 

ill)? - Where is the population located relative to the site? 
- Is the area mainly for residence or business? 
- What type of access is there to the site? 
- What normal activities might be affected by contamination (e.g., farming by 

contaminated soil)? 
* What, if any health-related complaints have been received? Have these been 

documented or proven to be related to the site? 

3. Potential Exposure Routes 

* Unavoidable onsite exposure (residences, etc.) 
- How are people exposed? - What are the routes of exposure (through inha-ition, the skin, or ingestion)? 
- To what hazardous substances are people exposed? 
- To what levels are  they exposed (use monitoring data and  modeling if 

appropriate)? 
- How many people are  exposed a t  these levels (ie., through each pathway)? 

- How are people exposed? - What are the routes of exposure (through inhalation, the skin, or ingestion)? 
- To what hazardous substances are people exposed? 
- To what levels are they exposed (use monitoring data and modeling if 

appropriate) and how many people are exposed at  these levels (Le., through 
each pathway)? - Can this exposure be prevented? 

* Voluntary onsite exposure 

TAP Working Draft Phase 3 Auguclt 1986 Section 6, Page 6-18 



Table 6.1. (Continued) 

* Offsite exposure (actual and potential) 
- What environmental routes must hazardous substances take for  exposure? - How likely are these routes of exposure? 
- When is exposure expected to occur? 
- How are  people exposed (through inhalation, the skin, or ingestion)? 
- To what hazardous substances are people exposed? 
- To what levels are they exposed (use monitoring data and modeling if 

appropriate)? - How many people are exposed a t  these levels (Le., through each pathway)? 

- Is the population, or are segments of the popuiation, exposed to any of these 
hazardous substances from other routes, e.g., in the workplace? - Are the ambient environmental levels of any of the hazardous substances 
known? - Are they suspected to be abnormally high for  any reason? 

* Other nonwaste-related exposures 

4 The Effect of Not Taking Action 

* Technical Issues - What will happen if no action is taken (e.g., lagoon failure, aquifer 
contamination, drum failure, a i r  contamination)? 

- What hazardous substances will be of concern? 

- What exposure will result from not taking action? 
- Will exposure increase indefinitely? 
- Will exposure rise and then fall? Over what time? - What is the predicted range of eventual contamination and exposure? 
- What are the means and reliability of quantitative factors fo r  relating 

exposures to potential health effects (e.g., radiation dose-effect risk factors 
a re  generally better known than those fo r  organic chemicals). 

* Exposure Issues 
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7.  COMPARATIVE EVALUATION OF ALTERNATIVES 

Pertinent information on costs, health risks, environmental effects, technical 
reliability, implementability and other factors should be summarized for  each reme- 
dial alternative, including the no-action alternative, so that the key differences 

among them are evident. Remedial alternatives that attain or exceed the require- 

ments of applicable environmental regulations should be identified. The summary’s 
precision should be consistent with the extent of knowledge about the problems at  the 

site and the expected resuIts of remedies. 

The following information, at a minimum, should be summarized for each re- 
medial alternative: 

Present worth of total costs: The net present value of  capital and 
operating and maintenance costs. 

Health information: For the no-action alternative, a quantitative 
statement including an estimated range of maximum individual 
risks or cumulative population group risks where appropriate should 
be presented. For source control options, a quantitative risk 
assessment is not required. For management-of -migration measures, 
a quantitative risk assessment, including an estimated range of 
maximum individual risks or cumulative population group, is 
required. 

Environmental effects: To simplify the evaluation, only the most 
important effects should be summarized. Reference can be made to 
supplemental information in a separate table, if necessary. 

Technical aspects of the alternative: This information may strongly 
influence the selection of a remedial alternative, and it is important 
to describe carefully the technical advantages and disadvantages of 
alternatives. Such information generally is based on the pro- 
fessional opinion of engineers familiar with the site and with the 
technoiogies included in the alternatives. 

The extent to which alternatives meet the technical requirements 
and environmental standards of appropriate environmental regula- 
tions: This information should be arrayed so that differences 
among the alternatives, in terms of how they satisfy such standards, 
are readily apparent. The kinds of standards applicable a t  the site 
may include: (1) RCRA design and operating standards, (2) drinking 
water standards, and (3) environmental discharge standards. 

Community effects: The types of information that should be pro- 
vided include (1) the extent to which implementing an  alternative 
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would disrupt the community (e.g., t r a f f i c ,  temporary health risks, 
and relocation) and (2) the likely public reaction. 

(7 )  Remedies involving removal o f  materials f o r  offsite  disposal: This  
information should document compliance with EPA policy on se- 
lecting o f f s i te  facilities f o r  disposal o f  materials from CEARP sites. 

(8) Other factors: This  category o f  information should include institu- 
tional factors that may inhibit implementing a remedial alternative 
and other important site-specific factors. 
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8. RECOhlhlENDED REMEDIAL ACTION 

A remedial action will be recommended for the site(s), based upon the detailed 

evaluation of the candidate alternatives, including appropriate consideration of input 

resulting from public review. Selection of  the recommended remedial action will be 

based upon meeting the technical objectives to solve the environmental problems a t  a 

site(s), balanced with the impacts and costs. A description of the recommended 

remedial action will be included and should include the following as appropriate: 

- A review of what the remedial action will and will not accomplish; 

- A review of how the remedial action addresses the requirements and 
the intent of the NCP, for example, placing an  emphasis on a perma- 
nent remedy to the identified site problem(s), utilizing innovative 
tech no log i es; 

- Special engineering considerations and special studies needed during 
the final design; 

- Operation, maintenance, and monitoring requirements; 

- Offsite disposal needs and transportation plans; 

- Temporary storage requirements; 

- Regulatory permit requirements; 

- Brief descriptions of the environmental and public health problems 
that may be encountered during implementation, and maintenance of 
the remedial alternative, and; 

- Means of mitigating the associated environmental and public health 
problems (and their costs) and addressing the identified/determined 
standards. 

- Criteria necessary for  the Phase 4 design of selected remedial ac- 
tions, including conceptual designs and preliminary engineering, as 
required. 

Additionally, resource requirements should be identified for  CEARP Phase 4, includ- 

ing proposed finding level, schedule, land requirements, availability of required 

equipment, materials, supplies, and labor. 
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APPENDIX B 

RISK/ENDANGERAlENT ASSESSMENT PLAN 

1. INTRODUCTION 

1.1 .  BACKGROUND 

This Risk/Endangerment Assessment Plan documents a conservative approach 

for determining the upper boundary of risk to the "maximally exposed" and "average 

exposed" individual associated with present contamination a t  Rocky Flats Plant. I t  is 

designed to identify risks that could be incurred from a particular site if the "no ac- 

tion" plan were taken, plus feasible remedial actions. The technical direction for  the 

performance of this study comes from several sources, including Guidance on the Per- 

formance o f  Endangerment Assessments (EPA 1985), Handbook o f  Endangerment As- 

sessments (EPA 1985), and The Superfund Public Health Evaluation Manual (EPA 1986).  

Risk estimates will b e  dependent on assumptions about the mechanisms of con- 

tamination release, dispersion, and pathways by which contaminants may be inhaled. 

ingested, or absorbed by the population surrounding the site, and the health effects 

caused by exposure to these substances. 

Risk to public health is a function of several factors. In order fo r  chemicals 

to pose a risk, two factors must exist simultaneously. The substance must be toxic to 

a particular receptor a t  a specified concentration and there must be sume chance that 

an individual can come into contact with a sufficient amount of the toxic substance. 

The risk/endangerment assessment will address the toxicity and amounts of 

substances released a t  Rocky Flats Plant, and the chance and degree of human expo- 

sure. Existing data will be used to assess risk. All data collected under the CEARP 

site characterizations (remedial investigations) will be included. Additional data will 

be collected if warranted. . 
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1.2. REQUIREMENTS 

Stringent requirements are necessary to provide an unbiased risk/endangerment 

assessment. 

These requirements are as follows: 

- an  unbiased comprehensive investigation with no preconceptions as 
to the significance o f  individual sources, 

- a series o f  decision points to evaluate progress and, if necessary, 
redirect e f for t s  on an  iterative basis, 

- definit ive conclusions that support the selection of an  alternative 
remedial action, and 

- a well documented Quality Assurance Program. 

1.2.1. Oualitv Assurance and Oualitv Control Considerations 

When errors in sampling, preservation, or analytical method execution are 
identified, results will be rejected following the guidance provided in the IGMP/ 

CSPCP Quality Assurance/Quality Control Plan. 

1.22.  ExDosed PoDulation Analvsis 

T h e  analysis of potential exposure to contamination will address both onsite 

and of f s i te  populations. Employees have executed waivers o f  l iability to work a t  

DOE-Albuquerque Operations O f f i c e  facilities;  however, these work forces are being 

included in the risk/endangerment assessments following the guidance provided i n  the 

DOE CERCLA order (DOE Order 5480.14). 

.. . 
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2. TECHNICAL WORK PLAN 

2.1. OVERVIEW 

The objective of this risk assessment is to determine if potential harm to pub- 
lic health and the environment is posed by release of hazardous substances from 

Rocky Flats Plant. An assessment will be made for  the plant as a whole and for  solid 

waste management units as appropriate. This will be accomplished by identifying and 
characterizing the following data: 

- hazardous substances and/or wastes present in all relevant media 
(e&, air, surface water, sediment, groundwater, and soil), 

- environmental fa te  and transport mechanisms within specified 
environmental media (e.g., chemical and biological degradation pro- 
cesses), 

- exposure pathways and extent of expected exposure, 

- populations a t  risk, 

- intrinsic toxicological properties of specified hazardous substances, 
and 

- extent of expected harm and the likelihood of such harm occurring 
(Le., risk characterization). 

The risk/endangerment assessment process will have f ive separate components: 

- contamination characterization 
- environmental fa te  and transport assessment 
- exposure assessment 
- toxicity assessment 
- risk characterization. 

A brief description of the major technical components of the risk assessment 

Figure B.l provides a schematic of the risk assessment process are  discussed below. 

and the relationship of its components. 

2.2. CONTAMINATION CHARACTERIZATION 

The purpose of the contamination characterization is  to provide a framework 

fo r  establishing background descriptions and contamination history. I t  identifies and 
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quantifies the- contaminants present a t  the site. "Contaminants o f  Concern" (those that 

best represent the range o f  physiochernical and toxicological properties) will be se-  
lected during the contamination assessment. 

Obiective: Determine the extent and concentrations o f  contaminants a t  and 
around the faci l i ty.  

2.2.1.. Review of Available Data 

Available sampling data will be reviewed to determine whether additional data 

need to be collected to thoroughly characterize the concentrations and physical distri- 
bution o f  installation/site-related contaminants. General recommendations will be 
made for the collection of additional samples, if  warranted. 

Technical Elements 

- Review all  available sampling data and associated quality assur- 
ance/quality control information f o r  the installation/sites. 

- Determine data adequacy with regard to locations sampled, number 
of samples taken, and parameters analyzed. 

- Propose recommendations f o r  additional sampling and analysis. 

2.2.2. Contamination DescriDtion 

A description o f  the c o ~ t a ~ ~ n ~ ~ t  concentration levels found in environmental 
media a t  and near the installation/sites will be presented. Concentration contour 

maps will be provided where applicable and will be in a format directly comparable 

to other pathways data. T h e  technical elements o f  this task wil l  involve the prepara- 

tion o f  a "Contamination Description" worksheet. 

Technical  Elements 

- Identify the chemical co-ntaminants present on the installation/sites. 

- Acquire,  compile, and process available data to describe chemicals 
that represent potential contaminants. 

- Determine the extent of chemical contamination. 
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- For each of the listed chemicals, determine the ranges of concen- 
trations in the affected media, and the geographic area in which 
they are distributed. 

- When possible, compare monitoring data to background concentra- 
tions. Eliminate chemicals that do not exceed background from 
the list. 

- Determine how the substances are distributed in the environment. 

- For each of the listed chemicals, identify the media (air, water, 
soil, groundwater) affected. 

2.2.3. Identification of "Contaminants of Concern" 

"Contaminants of Concern," also known as "indicator chemicals," represent the 

site-related contaminants that pose the greatest hazard to human health or to the en- 

vironment. They will be selected according to their (1)  intrinsic toxicity, (2) magni- 

tude (concentration and/or quantity) of contamination, (3) mobility in the envi- 

ronment, and (4) environmental persistence. 

Technical Elements 

- For nonradioactive contaminants, the contaminants of concern will 
be selected using guidelines described in the Superfund Public Health 
Evaluation manual (US. EPA 1985). These steps include, but are not 
limited to, the following activities: 

1) Calculation of indicator scores (based on concentration and toxicity) for 
nonradioactive chemicals. 

2) Initial selection of nonradioactive indicator chemicals based on indicator 
scores. 

3) Final selection of indicator chemicals based on consideration of other 
factors, including relevant chemical properties (e.g., water solubility, va- 
por pressure, organic carbon partition coefficient, and persistence). 

- All radioactive substances measured a t  levels above natural 
background will be considered contarninants of concern. 
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2.3. ENVIRONMENTAL FATE AND TRANSPORT ASSESSMENT 

This assessment describes the potential for offsite migration o f  contaminants 

and provides estimates of the direction and rate of movement of contaminants in var- 
ious environmental media. The assessment will include information on site-specif ic 
environmental factors that  may significantly affect  the environmental fa te  and trans- 

port of contaminants. Profiles of environmental fa te  and transport processes will be 

developed for  each of the contaminants of concern. 

Obiective: Describe the fate and transport mechanisms that may affect  the 
migration of contaminants from the installation/sites. 

2.3.1. DescriDtion of Environmental Settinp 

A description of the environmental setting for the installationlsites, including 
important geologic, hydrologic, and atmospheric data will be presented. Potential mi- 

gration pathways for the installation/sites will be discussed. These data will be thor- 

oughly discussed and presented in a form that will facilitate evaluating remedial al- 

ter na t i ves. 

Technical Elements 

- topography and surface water 
- geology and groundwater 
- meteoro%sg%r/climatology 
- biological regime 
- migration pathways (listed below) 

- soil ---> groundwater (alluvium and valley fill materials, Ara- 
pahoe formation); 

- soil ---> groundwater (alluvium and valley fill) ---> surface wa- 
ters (Woman Creek, Walnut Creek) 

- soil ---> groundwater ---> surface water ---> air  

- soil ---> surface water 

- soil ---> surface water ---> air 

- soil ---> air  
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2.3.2. Contaminant Release Analysis 

Contaminant release analysis will involve the identification of potential a n d  

actual onsite sources of release for each of the contaminants of concern listed for  the 

installation/sites. Estimates of the magnitude of potential release rates will be made. 

Technical Elements 

- Identify potential sources of release for each contaminant of con- 
cern. 

1) The contaminant concentrations in each of the affected media 
will be summarized. 

2) Actual/potential release pathways will be identified for each 
source. Releases to the following media through the listed mecha- 
nisms will be considered: 

- Air 

- generation of fugitive dusts (airborne wastes and  contami- 
nated soil particles) 

- volatilization 

- Surface water 

- groundwater discharge 

- runoff 

- Groundwater 

- leaching f rom contaminated soils 

- Soil 

- impoundment failure 

- runoff 

- spills 

- Biota 

- terrestrial/aquatic bioconcentration f rom direct uptake 
(ingestion) and f rom indirect uptake (absorption) 
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- Determine the likely contribution o f  each source o f  contaminant re- 
lease to total contaminant release. Release to each medium will be 
evaluated and quantified to the greatest extent possible, based on the 
following: 

- contaminant concentrations - physical and chemical properties o f  the contaminants 
- climatological site parameters 
- hydrogeological site parameters 

2.3.3. Environmental Fa te  and TransDort Analysis 

Technical Elements 

( 1 )  Determine the relative importance of environmental f a t e  processes 
f o r  each contaminant o f  concern in each potential migration 
medium. 

(a) Inter-media physical f a t e  processes to be considered include, 
but are not limited to, 

- Sorption 
- soils 
- sediments 
- suspended particulates (surface water, groundwater) 

- Volatilization 
- Infiltration 
- Bioaccumulation 

(b) Inter-media chemical f a t e  processes to be considered include, 
but are  not limited to, 

~ Photolysis 
- Hydrolysis 
- Oxidation 
- Biodegradation - Rates of  decay (radioactive substances) 

(2) Quantify environmental f a t e  and transport processes. 

(a) Where possible use average release rate estimates derived during 
the contaminant release analysis to generate estimates of the di- 
rection of movement of  contaminants and estimates o f  expected 
concentration o f  contaminants in various environmental media. 

(b) Report any monitoring data to provide conservative estimates 
o f  f ina l  concentrations and the serial extent o f  contaminant 
migration. 
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(3)- Determine if a need exists for "fate and effect" modeling (e.g., so- 
lute transport for groundwater and surface water; virtual point 
source for air). 

(4) Results will be provided in a tabular as well as graphic format that 
will allow comparison to previously derived information. 

2.4. EXPOSURE ASSESSMENT 

The purpose of the exposure assessment is to identify the actual or potential 
routes of exposure, characterize the population exposed, and determine the extent of 

exposure. Information on expected doses received by a population will include 3 

summary of the potential total dose received as a result of exposure. 

Obiective: Evaluate the actual and potential exposure levels to contaminants 
of concern from the installation/sites. 

The following references will be used to derive estimates of exposure levels 

and dose. 

a)  Short Cotirse on Integration of Exposure and Risk Assessment, Part 3. Expo- 
sure Assessment Methods (Schaum 1984). 

b) Development of Statistical Distributions or Ranges o f  Standard Factors used in 
Exposure Assessments (Anderson et  al. 1984). 

The uncertainty associated with the exposure values is a function of the input param- 

eters used throughout the exposure assessment process. As a result, all exposure 
calculations fo r  the risk assessment will be adequately documented. Assumptions 

made in support of  these calculations require justification, which will be included as 

part of the assessment document. 

2.4.1. Identification of Exaosed and Potentiallv Exnosed PoDulations 

Technical Elements 

- Compare data on the distribution of  environmental contamination 
with population data. 

- Characterize the human, animal, and plant populations that may be 
exposed to the contaminants of concern for  all potential migration 
pathways. 
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- Develop the most recent census tract information regarding popula- 
tion distibution. 

- Obtain any available information regarding land development plans 
in the area from local agencies/developers to determine not only pro- 
jected land and water use plans, but also future populations that may 
be a t  risk. 

2.4.2. Characterization o f  ExDosed PoDulations 

Technical  Elements 

- Those groups within the exposed or potentially exposed populations 
that may experience a greater risk than the average populations will 
be identified. 

2.4.3. Determination o f  PoDulation ExDOSUre Levels 

Technical  Elements. 

- Examine activities o f  potentially or actually exposed population to.  
determine level o f  exposure in employment and recreation. 

2.4.4. DeveloDment o f  ExDosure Coefficients 

Technical Elements 

- Where possible, evaluate information on frequency and magnitude o f  
contact with contaminants to yield a quantitative value o f  the 
amount of contaminated medium contacted per day f o r  each expo- 
sure route. 

A list o f  exposure coeff icients is  provided in Superfund Exposure Assessment 

Manual (Schultz et  al. 1984). 

2.4.5. Determination o f  PoDulation Dosaee Levels 

Technical  Elements 

- T h e  results o f  the Contaminant Release Analysis, Environmental Fate 
Analysis, and  Exposed Population Analysis will be integrated to de- 
termine the cumulative dose of each contaminant incurred by the ex- 
posed population. 
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- For each target population "worst case" and "most probable case" es- 
timates will be made of the total daily exposure/dosage to each con- 
taminant of concern. 

1) Frequency and magnitude of contact with contaminants through 
each exposure route will be evaluated, e.g., average daily intake of 
drinking water, grams of fish consumed/day, volume of air  in- 
haled/da y. 

2) Rates of .absorption will be characterized to the greatest extent 
possible for  each contaminant of  concern through each exposure 
route. 

3) Dosages will be determined for each exposure route on the basis 
of predicted exposure levels, frequency of contact, and absorption 
factors. 

4) Total dosages of  each contaminant of concern will be calculated 
by adding dosages through all exposure routes. 

2.5. TOXICITY ASSESSMENT 

The toxicity assessment will present a characterization of the key toxicological 

properties of each of the contaminants of  concern. The characterization will identify 

indices of toxicity, acceptable daily intakes, and estimates of unit cancer risk where 

this information is available. 

Obiective: Characterize the toxicities to human health and the environment 

associated with exposure to the contaminants of concern. 

A toxicity profile fo r  each contaminant of concern will be derived from cur- 

rent toxicological literature and will involve a critical evaluation and interpretation 

of  all relevant data. The profile will include a consideration of doses used, routes of 
exposure, types of adverse effects manifested, and quantitative indices of toxicity. 

Information concerning chemical, physical, and toxicological properties will be 

gathered from standard references and government documents. If necessary, a com- 

puter search will be performed to obtain additional information. 
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2.5.1. Literature Search 

Technical Elements 

- Potential sources of information include (but will not be limited to) 
the following EPA documents/references: 

Criteria Document - Ambient 
Water Quality Standards 

Office of Water Regulations and 

Criteria Document - Air Office of Air Quality Planning 
Standards (0 AQPS) 

Criteria Document - Drinking 
Water 

Office of Drinking Water (ODM) 

Chemical Hazard Information 
Profile (CHIP) 

Office of Toxic Substances (OTS) 

Chemical Profile Office of Waste Programs Enforce- 
ment (OWPE) 

Health Assessment Document Office of Health and Environ- 
mental Assessment (OHEA) 

Health Effects Assessments Office of Emergency and  Remedial 
Responses (OERR) 

Proposed Guidance on Dose 
Limits for  Persons Exposed 
to Transuranium Elements 
in the General Environment 

Office of Radiation Programs 

Quality Criteria for  Water 
1986 and  Standards 

Office of Water, Planning 

- Non-EPA references that will be considered for review will include 
(but not be limited to): 

- American Conference of Government Industrial Hygienists 
(ACGIH), 1985. 

- Threshold Limit Values and Biological Exposure Indices for  1986- 
1987. 

- G. D. Clayton and F. E. Clayton, eds. Patty’s Industrial Hygiene 
and Toxicology (John Wiley & Sons, New York, 1981). 

- I. N. Sax, Dangerous Properties of Industrial Materials, 6th ed. (Van 
Nostrand Reinhold Company, New York, 1984). 
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- United States Department o f  Health and Human Services. Reg- 
istry o f  Toxic Ef fec ts  of  Chemical Substances. DHHS (NIOS) 
Publication No. 80-1 11 (1980). 

- K. Verschueren, Handbook of Environmental Data on Organic 
Chemicals,  2nd ed. (Van Nostrand Reinhold Co, New York ,  1983). 

- Computerized literature files that may prove valuable include 

CHEML IN E 
C H E M T R E C  
M E  D L  I N E  

R T E C S  
T O X L I N E  

OHM-TADS 

2.5.2. PreDare a Health Toxicitv Profile for  Each Contaminant o f  Concern 

Technical Elements 

I 

- Summarize data from animal studies, emphasizing dose-response rela- 
tionships. Information will cover 

a)  dose levels 

- acute, subchronic, chronic e f fec ts  

- no-observable adverse e f f e c t  level or  lowest observable adverse 
e f f e c t  level 

b) routes o f  exposure 

- ingestion 
- inhalation 
- dermal absorption 

c) biological end points 

- carcinogenecity 
- mutagenicity 
- teratogenicity 
- neutrotoxicity 
- behavioral toxicity 
- immunosuppression 

- Summarize data from human epidemiological studies or case histories 
(see above list). 

- List quantitative indicators o f  toxicity,  including regulatory stan- 
dards: 
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1 )  Drinking water standards 

2) Ambient a i r  quality standards 

3) Acceptable daily intakes (ingestion, inhalation, chronic,  and sub- 
chronic) 

2.5.3. PreDare an Environmental Toxicitv Profi le  f o r  Each  Contaminant o f  Concern 

Technical  Elements 

- Summarize toxic e f fec ts  on terrestrial and aquatic animal/plant 
l i f e ,  emphasizing dose-response relationships. Information will 
cover lethality, organotoxicity, behavioral effects ,  and reproduc- 
tive effects.  

- List applicable regulatory standards f o r  ambient water quality cri-  
teria and irrigation criteria. 

2.6. RISK CHARACTERIZATION 

T h e  purpose o f  this evaluation is to integrate the findings o f  the exposure and 

toxicity assessments to estimate site-specif i c  risks. T h e  characterization describes po- 

tential adverse e f fec ts  and estimates risk to public health and the environment based 

on existing guidelines and standards (e.g., drinking water standards, water quality cri-  

teria, and ambient a i r  quality standards). 

T h e  level of detail  provided f o r  each of the technical components depends on 

whether the available data are  suff icient  to perform individual assessments. AH as- 
sumptions made in the performance of an  assessment will be clearly defined. 

Objective: Determine whether actual or potential health or environmental 

risks are posed by the exposure conditions described in the exposure assessment f o r  

the installation sites. 

T h e  risk characterization integrates the information developed during the en- 

vironmental f a t e  and transport, exposure, and toxicity assessments to determine 

whether unacceptable risks are posed by the contaminant o f  concern f o r  each site. A 

four-task approach will be undertaken to achieve this goal: 
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1 )  -Characterization of carcinogenic risk 
2) Characterization of noncarcinogenic risk 
3) Characterization of environmental risk 
4)  Characterization of public welfare risk 

For each task, risk will be determined for  both "worst case" and "most proba- 
Current risk will be evaluated on the basis of recent sampling da ta  

Potential future risk will be determined on 

ble" situations. 
collected at  predicted exposure points. 
the basis of projected exposure concentrations predicted by modeling. 

2.6.1. Characterization of Carcinogenic Risk 

Technical Elements 

- Compare site-specif ic exposure levels to regulatory guidelines and 
standards. 

- For each exposed human population, calculate (when possible) the 
carcinogenic risk posed by each known/suspect carcinogen. 

- Calculate total carcinogenic risk for all carcinogens by adding indi- 
vidual risks. 

- If no criterion is available fo r  a contaminant, compare exposure con- 
centrations to available dose-response information. 

- Characterize uncertainties associated with risk estimates. 

2.6.2. Characterization of NoncarcinoPenic Risk 

Technical Elements 

- For each exposed human population, compare exposure/dosage levels 
of each contaminant of concern to acceptable levels (e.g., acceptable 
daily intakes), regulatory guidelines and standards and/or other 
health criteria. 

- Calculate chronic/subchronic hazard index as described in the Super- 
fund Public Health Evaluation hlanual (U.S. €PA, 1986). 

- If no criterion is available for  a contaminant, compare exposure con- 
centrations to available dose-response information. 

- Characterize uncertainties associated with risk estimates. 
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2.6.3. Characterization of Environmental Risk 

Technical Elements 

- Compare estimated environmental concentrations o f  contaminants o f  
concern to regulatory guidelines and standards. 

- If regulatory guidelines are not available, evaluate potential risk to 
plants and animals on the basis o f  available ecotoxicity information. 

- Evaluate risk to endangered or threatened species or critical habitats 
in direct or indirect contact with contaminants. 

- Characterize uncertainties associated with risk estimates. 
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